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.----------------------------
SECTION 1 
INTRODUCTION 
Efficient vegetative procedures are essential for the success-
ful propagation of many woody plant species. In vitro tech-
niques have greatly increased the scope and potential of propa-
gation by exploiting regenerative behaviour more efficiently 
and in a wider range of plants than is possible with convention-
al procedures. 
Shoot apex culture to produce dahlias free of dahlia mosaic 
virus was first described by Morel and Martin (1952). In 1960 
Morel demonstrated with orchids that this technique enabled 
clonal multiplication rates that were several times faster than 
conventional methods. Ever since this pioneering work, in vitro 
techniques have become widely adopted in plant propagation with 
principle applications such as: (a} production and maintenance 
of pathogen-free plants and (b) rapid aseptic multiplication 
under controlled conditions throughout the year and without any 
seasonal effects. 
Growth substances play a major role in controlling growth 
responses of shoot apices cultur~d in vitro. The finding (Skoog 
and Tsui, 1948; Skoog and Miller, 1957) that high auxin/cyto-
kinin balances favoured callusing and rooting in tobacco callus 
cultures whereas shoot initiation occurred with high levels of 
cytokinin/auxin, opened the field for in vitro propagation of 
many plants. Media supplying high concentrations of cytokinins 
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and little or no auxin are used to enhance shoot production 
from excised shoot apices (Murashige, 1977; Hussey, 1980; Wang 
and Hu, 1980; Allan, 1981a,b). Shoots produced with rapid 
multiplication techniques may be cultured similarly or transfer-
red to an auxin-containing medium to grow to complete plants 
(Murashige, 1977; Abbott, 1978; Hussey, 1980). 
2 
Shoot apices of herbaceous plants are widely used for in vitro 
propagation, but those of woody plant species to a lesser degree 
(Murashige, 1974, 1977; Abbott, 1978; Anderson, 1980). Sig-
nificant progress has recently been made in the development of 
in vitro techniques for successful propagation of woody species 
(Cheng, 1978). ;:;In g-rapevines many researchers (Gifford and 
Hewitt, 1961; Galzy, 1964, 1972; Hoeffer and Gifford, 1964; 
Wolfswinkel, 1965; Bini, 1976) attempted to produce plantlets 
from excised shoot apices. Considerable difficulties were en-
countered and recovery percentages were very low. 
In vitro mass propagation of grapevines was first reported by 
Barlass and Skene (1978, 1979). They succeeded in obtaining 
adventitious shoot production from fragmented,shoot apices fol-
lowed by subsequent clonal multiplication. Apart from brief 
references by Jako and Nitsch (1980) and Chee and Pool (1982), 
knowledge is inadequate of optimal growth substance requirements 
for the successful in vitro culturing of non-fragmented shoot 
apices. 
Various authors have confirmed that practical methods of in-
activating viruses from vegetatively propagated species include 
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3 
thermotherapy of infected parent plants, or shoot apex culture, 
or a combination of both. Success in obtaining plants free of 
particular viruses may depend upon the initial size of the shoot 
apex excised, as reported by Stone (1968) with carnations in-
fected with carnation mettle, vein mettle and latent viruses .. 
Most workers use excisions measuring 0, 5- 1 mm, consisting of 
the apical dome plus 2- 3 leaf primordia. It has, however, been 
clearly indicated that the probability of.recovering healthy 
plants from infected stock is greater with smaller shoot apex 
explants (Limasett and Cornuet, 1949; Stone, 1963; Mori and 
Hosokawa, 1977). 
Heai ~herapy (38°C) over prolonged periods to inactivate grape-
vine viruses often result in suppressed root and shoot growth 
coupled with leaf abnormalities such as chlorosis and various 
deformations (Kriedemann et al., 1976; Brlickbauer, 1979). 
Mist propagating of shoot tips (1- 2 cm) taken from potted heat-
treated vines often gave low percentages of rooting and recovery 
(Bovey, 1980). Successful culturing of small excisions of shoot 
apices, alone or in combination with heat therapy, therefore, 
offers the possibility of increased rates of virus inactivation. 
Present knowledge regarding successful in vitro culturing of 
small apices and apical meristems of shoots of grapevine remains 
fragmentary. The main objectives of this study were to in-
vestigate: (1) morphological and anatomical responses of shoot 
apices to several growth substances included in culture media, 
(2) effect of size of excised shoot apices on successful 
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culturing and (3) inactivation of grapevine fanleaf virus dis-
ease (GFLV) by heat treating apical regions of rapidly elongat-
ing shoots of potted vines only as compared to small detached 
segments of shoots (0,5 mm) without roots grown in vitro. 
4 
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SECTION 2 
LITERATURE 
2.1 Morphological responses of shoot apices of herbaceous and 
woody plant species cultured in vitro under varying conditions 
2.1.1 Culture media 
2.1.1.1 Inorganic components 
5 
A number of standard salt mixtures is outlined by Gamborg et al. 
(1976). The inorganic fraction of nutrient media usually con-
sists of either the media of .White (1943), or of the basic 
(MS-62) or high salt (revised) (RM-62) media of Murashige and 
Skoog (1962), or modifications thereof. Minor elements recom-
mended by Berthelot (1934) or Heller (1953) have been generally 
incorporated into media. Iron has been supplied in various 
forms such as FeSOq, FeCl3 ·6H2 0 (White, 1963), or chelated iron 
(Murashige and Skoog, 1962; Wilmar et al., 1964). 
Shoot apices of carnation have been successfully cultured on 
Knop's (1865) macro-nutrient solution (Quak, 1957; Baker and 
Phillips, 1962; Stone, 1963; Van Os, 1964); White's (1954) 
medium (Hackett and Anderson, 1967) and RM-62 (Izvorska and 
Rangelova, 1974). In strawberries, Knop's (1865), White's (1943) 
and RM-62 media have been successfully employed (Belkengren and 
Miller, 1962; Miller and Belkengren, 1963; McGrew, 1965; 
Adams, 1972; Earle and Langhans, 1975; Boxus, 1976). Earle 
and Langhans (1974) used RM-62 in in vitro propagation of 
chrysanthenum. 
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The RM-62 medium has been widely employed for successful cultur-
ing shoot apices of woody plant species, e.g. almond-peach 
hybrids (Tabachnik and Kester, 1977); apples (Abbott and White-
ley, 1976; Jones et al., 1977); blackberries (Broome and 
Zimmerman, 1978); bougainvillea (Chaturvedi et al., 1978); 
gooseberries (Jones and Vine, 1968); prunus (Boxus, 1975; 
Quoirin and Lepoivre, 1977); Rosa multiflora (Elliot; .. 1970}'1 
rhododendrons (Anderson, 1975) and stone fruits (Jacob, 1974). 
In grapevines, researchers used Knop' s ( 1865) macro-nutrient 
medium in attempts to produce plantlets from excised shoot 
apices in vitro (Gifford and Hewitt, 1961; Hoeffer and Gifford, 
1964; Wolfswinkel, 1965; Gal~y, 1972; Bini, 1976; Grenan, 
1979). More recently macro- and micro-nutrient levels used by 
Murashige and Skoog (1962) have been successfully applied (Jako 
and Nitsch, 1980; Chfie and Pool, 1982; Harris and Stevenson, 
1982). Barlass and Skene (1978, 1979) successfully cultured 
fragmented shoot apices on MS-62. 
2.1.1.2 Sugar 
Sugars are used either in the form of sucrose or glucose or both. 
Brants (1968) reported that sucrose gave much better growth of 
Freesia than glucose. Glucose at 20 g/l resulted in poor ro~t­
ing of carnations, whilst the process was stimulated at 40 g/l 
(Phillips, 1968). Explants of the hybrid tea rose cv. Superstar 
responded well to both sucrose and glucose, each at 10 g/l 
(Jacobs et al., 1969). 
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2.1.1.3 Vitamins and organic substances 
One or more vitamins are frequently utilised. In general, the 
vitamins recommended by Murashige and Skoog (1962) are widely 
used. For carnations addition of calcium panthothenate, 
inositol, biotin, niacin, pyridoxine and thiamine supported the 
growth of detached shobt .apices (Stone, 1963). In grapevines, 
Galzy (1964) and Wolfswinkel (1965) included biotin, calcium 
panthothenate, casein hydrolysate, cysteine, inositol, niacin, 
pyridoxine and thiamine. Undefined organic supplements such as 
coconut milk and yeast extract showed no stimulatory effects on 
rooting (Wolfswinkel, 1965). 
2.1.1.4 Growth substances 
7 
Skoog and Tsui (1948) and Skoog and Miller (1957) established 
that organogenesis in cultured plant tissues could be manipulated 
through growth substances. Promotive effects of auxins on root 
initiation and of cytokinins on shoot initiation have been well 
illustrated with tissue cultures (Haissig, 1965; Winton, 1968; 
Welter, 1968; Abo El-Nil and Hildebrandt, 1971; Grinblat, 1972; 
Yie and Liaw, 1977). 
As regards carnations, Stone (1963) stated that one of the major 
factors affecting rooting of excised shoot apices is the presence 
of exogenous auxin.. Evidence for promotive effects of 1-naphthal-
eneacetic acid (NAA) on rooting is offered by Stone (1963); Van 
Os (1964); Jacobs et al. (1969); Hollings and Stone (1970); 
Jacob (1974) and Earle and Langhans (1975). In Nicotiana rustica 
(Walkey et al., 1969); tea rose cv. Superstar (Jacobs, 1973); 
stone fruits (Jacob, 1974) and Humulus lupulus (Adams, 1975), 
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rooting was favoured by indole-3-acetic acid (IAA). Indole-3-
butyric acid (IBA) promoted rooting of gooseberries (Jones and 
Vine, 1968); strawberries (Boxus, 1974) and Prunus species 
8 
(Boxus, 1975). In some cases promotive effects of 2,4-dichloro-
phenoxyacetic acid (2, 4-D) on rooting were reported. (Jacobs, 
1973; Jacob, 1974; Adams, 1975; Earle and Langhans, 1975). 
In orchids, gibberellic acid (GA3 ) was essential in tissue organ-
isation, suppressing callus initiation and enabling the shoot 
apex to differentiate a stem instead of an undifferentiated mass 
of callus (Morel, 1964a, b) • .\ Carnation shoot apices are mostly 
cultured without GA 3 (Quak, 1957; Baker and Phillips, 1962; 
Stone, 1963; Phillips and Matthews, 1964). No beneficial ef-
fects of GA3 on growth of rose Superstar shoot apices were re-
ported (Jacobs, 1970a,b). In the majority of cases marked 
elongation of explants occurred in. the presence of GA 3 (Jones 
and Vine, 1968; Vine and Jones, 1969; Earle and Langhans, 1975). 
As GA 3 suppresses root initiation for carnations (Quak, 1977), 
explants are usually cultured without GA 3 • Rooting in the 
presence of GA 3 was, however, reported by Jacob (1974) with 
stone fruits and by Pennazio (1975) with carnations. 
Promotive effects of cytokinins were reported by Jacobs, 1973; 
Boxus, 1974; Jacob, 1974; Adams, 1975; Abbott and Whiteley, 
1976; Ma and Wang, 1977; Mekers, 1977 and Preil and Engelhardt, 
1977. Kinetin promoted growth of carnation and rose shoot apices 
although rooting was suppressed (Phillips, 1968; Jacobs et al., 
1969). Stimulatory effects of 6-benzylaminopurine (BAP) were 
reported by Jones (1967) and Adams (1975) for explant growth in 
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\ 
apples and lupins respectively. Detached shoot apices of roses 
were dependent on the presence of either kinetin, BAP or zeatin 
to respond with shoot elongation and leaf expansion (Elliot, 
1970; Jacobs, 1973). Suppressive effects of cytokinins on root-
ing were confirmed by several authors (Jones, 1967; Phillips, 
1968; Jacobs et al., 1969; Boxus, 1974). 
Multiple shoot production from detached shoot apices in vitro 
can possibly be explained in that cytokinins may effect a re-
lease of axillary meristems from apical dominance (Wickson and 
Thimann, 1958). Shoot apices of herbaceous plants are. widely 
used for clonal multiplication in vitro, but those of woody 
species to a lesser degree (Murashige, 1974, 1977; Sagawa,. 1976; 
Abbott, 1978; Cheng, 1978; Hussey, 1980). In this multiplica-
tion process, masses of proliferating shoots are produced, 
arising adventitiously or as axillary growths when apical 
dominance is suppressed (Murashige, 1977; Abbott, 1978; Hussey, 
1980). High concentrations of cytokinins and little or no 
auxin (Murashige, 1977; Hussey, 1980) are used to enhance 
axillary branching. 
Ma and Wang (1977) reported kinetin to be essential for the pro-
duction of axillary shoots in Azalea. In papaya multiple shoots 
were produced with BAP (Yie and Liaw, 1977) and in Lilium with 
BAP in combination with low concentrations of NAA (Hussey, 1977). 
Detached shoot apices of woody plant species (apple, cherry, 
pear and plum) responded with axillary shoot production to corn-
bined applications of BAP and NAA (Cheng, 1978). Enhanced shoot 
production resulted in almond-peach hybrids (Tabachnik and 
u. ~ ... 
Stellenbosch University http://scholar.sun.ac.za
1 0 
Kester, 1977); apples (Abbott and Whiteley, 1976; Jones et al., 
1977); blackberries (Broome and Zimmerman, 1978) and bougainvil-
lea (Chaturvedi et al., 1978) where '.culture. media had been enriched 
with BAP. In grapevines, combinations of BAP and NAA were used 
(Jako and Nitsch, 1980; Chee and Pool, 1982). Although limited 
shoot numbers resulted, the potential of cytokinin:auxin com-
binations for clonal multiplication·was indicated (Chee and 
Pool, 1982). In culturing fragmented shoot apices, the pro-
duction of adventitious shoots was stimulated by BAP (Barlass 
and Skene, 1978, 1979). 
Vollmer (1976) ascertained that cytokinin levels in tips of 
actively growing grapevine shoots exceeded those of the young 
subapical leaves. The question arises as to whether cytokinins 
remain present in apices once excised and whether small excisions 
will have the potential to produce cytokinins when cultured in 
vitro. Pool (1975) stated that zeatin riboside (ZR) is the 
main cytokinin in xylem exudate. He also reported that ZR 
favoured the in vitro development of ovaries and filaments of 
excised Concord grape flowers (prior to bloom). Budburst and 
shoot elongation of Concord cultured in vitro from non-flowering 
unrooted pieces of shoots increased dramatically in response to 
ZR treatments (Pool, 1974). References are lacking on responses 
of in vitro cultured non-fragmented shoot apices to cytokinins 
other than BAP. 
Although excised shoot apices can be grown to intact plants with-
out transferring to a different medium, in the majority of cases 
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it has been found necessary or beneficial to grow explants ini-
tially on a medium that induces either shoot or root growth and 
then to transfer them to a different medium to induce the counter-
part (Jones and Vine, 1968; Vine, 1968; Adams, 1972; Cohen, 
1977; Murashige, 1977; Theiler, 1977; Hussey, 1980; Wang 
and Hu, 1980). One method of carnation shoot apex culture in-
volved the transfer of explants, once rooted, from a medium con-
taining auxin to an auxin-free medium (Stone, 1963). This method 
implies that exogenous auxin is essential for rooting but is less 
important or even harmful for root elongation. Nishizawa and 
Nishi (1966) kept the sprouts of lily plants in a NAA solution 
prior to excision of the apex, thus benefiting the explant by 
the temporary presence of the growth substance and avoiding 
later toxicity. 
In grapevines, previous researchers (Gifford and Hewitt, 1961; 
Galzy, 1972; Bini, 1976) attempted to stimulate rooting of ex-
cised shoot apices with an auxin treatment and then to induce 
shoot growth by lowering the auxin concentration. Methods of 
inducing the proliferation of shoots which are then rooted, ap-
peared much more effective (Barlass and Skene, 1978, 1979; 
Jako and Nitsch, 1980; Ch~e and Pool, 1982). 
In mass propagation techniques serial transferring of shoot 
clusters to cytokinin-containing media are used to enhance Shoot 
production (Murashige, 1974, 1977; Abbott, 1978; Hussey, 1980; 
Wang and Hu, 1980). Rooting of excised shoots usually occurs 
·~ on transfer to media lacking cytokinin but containing auxin 
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(Murashige, 1977; Hussey, 1978, 1980). Barlass and Skene 
(1978, 1979) achieved successful rooting of grapevine shoot tips 
on a medium lacking auxin, whereas .the necessity of NAA was re-
ported by Chee and Pool (1982). 
2.1.1.5 The pH of nutrient media 
The pH of a medium is usually adjusted to the range of 5 to 6 
(Murashige, 1966). The RM-62 medium is widely used at pH 5,7-
5,8. Carnation shoot apices grew considerably better at pH 5,5 
than at pH 6 (Stone, 1963). 
2.1.2 Light and temperature requirements 
The environmental conditions for successive culturing excised 
shoot apices vary. Even when fully provided nutritionally, 
many tissue cultures were unable to respond due to unfavourable 
illumination and/or temperature regimes (Murashige, 1977). 
Stone (1963), Van Os (1964) and Alphi (1965) stated that low 
light intensities (1 000 - 3 000 lux) are widely used in mass 
propagation procedures. Final root initiation steps may, how-
ever, require higher intensities (3000- 10 000 lux) (Murashige, 
1977). A 16h illumination period is widely used although a few 
reports suggested that daylength may be critical for shoot pro-
duction in certain species (Murashige, 1977; Hussey, 1980). 
No differences were reported with an illumination period varying 
from 4 to 20 hours in culturing detached shoot apices of rhubarb 
(Hasegawa et al., 1973). In Pelargonium hortorum a definite 
dark period was found necessary to minimize the inhibitory ef-
fects of polyphenolic substances (Pillai and Hildebrandt, 1968). 
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In general, tissue cultures are most frequently incubated with-
in the range of 25- 27°C (Murashige, 1977). Hussey (1980) sug-
gested that although most cultures will respond within the 
range of 15- 25°C, normal environmental requirements of each 
species should be taken into account when deciding in the parti-
cular temperature to be used. 
2.2 Morphology/anatomy of shoot apices and supplementary tissue 
of vascular plants 
2.2.1 Structure 
The structure of shoot apices in vascular plants has been review-
ed by Foster, 1941; Philipson, 1949; Gifford, 1950, 1954; 
Popham, 1951; Rouffa and Gunckel, 1951; Buvat, 1952; vaughan, 
1952; Clowes, 1961 and Romberg, 1963. The tunica-corpus con-
cept (Schmidt, 1924) of structure and growth of shoot apices for 
the angiosperms is well outlined (Foster, 1939; Ball, 1941; 
Reeve, 1948; Gifford, 1950, 1954; Philipson, 1954; Buvat, 
1955; Sunderland, 1961; Romberg, 1963). The apical meristem 
refers to the smooth-surfaced apical dome alone and is composed 
of well-pronounced meristematic cells. Definite zones, having 
specialized functions, are found in the shoot apex. The tunica, 
composed of several layers, forms the peripheral zone with an 
anticlinal cellular arrangement. Beneath the tunica is the cen-
tral mother-cell group which is the main part of the corpus and 
from which originates the pith rib meristem. Foliar initials 
originate as a result of mitotic activity of an initiating ring 
segment - produced by the peripheral zone - inducing leaf but-
tresses by division of dense meristematic cells. Enlargement 
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of shoot apices, which results from a cyclic growing movement, 
with subsequent initiation of leaf primordia and axillary buds, 
is referred to by Garrison, 1949; Gifford, 1950, 1954; Rouffa 
and Gunckel, 1951; Buvat, 1952, 1955 and Clowes, 1961. 
In the grapevine, the apical meristem of the shoot has been re-
garded as consisting of one or two tunica layers over a poorly 
defined corpus (Branas, 1957; Hegedus, 1957; Pratt, 1959, 1974; 
Thompson and Olmo, 1963). Leaf primordia are initiated on the 
flank of the apical meristem by periclinal divisions in the 
second layer. Subsequent divisions in various planes lead to 
the formation of a distinct protuberance (Pratt, 1959, 1974). 
Tendril primordia are initiated by periclinal divisions in the 
third layer of the flank of the apical meristem (Tucker and 
Hoefert, 1968). Except for V. labrusca (with a tendril opposite 
the leaf at nearly every upper node), the cultivated species of 
Vitis follow the discontinuous pattern of tendrils of V. vini-
fera (Viala and Pechoutre, 1910; Kroemer, 1923). 
Axillary meristems originate somewhat later than the leaves sub-
tending them (Seeliger, 1954; Sussex, 1955). In grapevines the 
latter was illustrated by Pratt (1959, 1974) in shoot apices of 
V. labrusca. 
2.2.2 Size 
Comparative studies of dormant and growing shoot apices, with 
detailed measurements of apical meristems, were carried out by 
Rouffa and Gunckel (1951) and Colin and Verhoyen (1976). Because 
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of a lack of clear distinction between apical meristems and 
emerging leaf primordia, the measurement of shoot apices is 
problematical (Gifford, 1954). Schmidt (1924) included the 
first leaf buttress, whilst Popham and Chan (1950) and Rouffa 
and Gunckel (1951) excluded it. The most reliable method of 
determining width is recognition of the first divisions (gener-
ally periclinal), which localize the site of a new leaf buttress 
(Gifford, 1954). It is agreed that shoot apices should include 
the youngest defineable leaves (Gifford, 1954; Colin and Ver-
hoyen , 1 9 7 6 ) • 
Excisions of shoot apices sometimes consisted of apical meri-
stems only (Smith and Murashige, 1970; Debergh and Maene, 1977; 
Shabde and Murashige, 1977), whereas in the majority of cases 
one to several leaf primordia of subapical regions were included 
(De Fossard, 1976; Murashige, 1977; Quak, 1977; Hussey, 1980; 
Allan, 1981a,b). Preference for the latter procedure depended 
on the type of plant species and purpose of research (Murashige, 
1977; Walkey, 1980; Wang and Hu, 1980). The probability of 
recovering healthy plants from virus-infected stock is greater 
with the smallest explants (Limasett and Cornuet, 1949; Stone, 
1963; Mori and Hosokawa, 1977; Quak, 1977; Walkey, 1980; 
Wang and Hu, 1980). 
In vitro growth may be affected by explant size. Kassanis and 
Varma (1967), using excisions of 0,1 mm of potato apices, report-
ed that explants containing one leaf primordium each responded 
much better than those lacking leaf primordia. Carnation shoot 
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apices smaller than 0,2 mm were unlikely to grow, whilst those 
larger than 0,75 mm produced plants that still contained mottle 
virus (Stone, 1963). In rhubarb (Walkey, 1968), explants having 
less than 2- 3 primordial leaves failed to grow. For general 
propagation purposes, apices with 3- 4 leaf primordia are dis~ 
sected (Hussey, 1980; Walkey,. 1980). In order to eliminate 
systemic viral infections, apices should bea? small- as-possible, 
depending on the plant species and virus type (Mellor and Stace-
Smith, 1977; Quak, 1977; Hussey, 1980; Walkey, 1980; Wang 
and Hu, 1980) • 
2.2.3 Primary vascular differentiation 
2.2.3.1 Procambium 
Investigations on growing shoots of the Dicotyledoneae revealed 
an initial continuity between the sites of leaf primordia and 
the vascular system of the axis (Esau, 1942, 1943b; Gunckel and 
Wetmore, 1946; Miller and Wetmore, 1946; Lawalree, 1948; 
Me Gahan, 1955). As. the leaf primordia are elevated upon their 
buttresses, procambium differentiation proceeds concomitantly 
' 
with the procambium of the leaf traces. The differentiation of 
procambium in the successively younger internodes in the order 
' of their appearance and its continuation with leaf primordia is 
referred to as acropetal differentiation of the procambium 
(Esau, 1942; Lawalree, 1948; Me Gahan~ 1955). In V. vinifera 
Fournioux (1972) reported elongation and orientation of cells 
in an expected pathway of differentiation of the procambium 
basal to the leaf initials and prior to the emergence of leaf 
primordia. 
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2.2.3.2 Vascular tissue 
At the levels of leaf initiation in vascular plants, phloem and 
xylem differentiation show contrasting developmental sequences 
(Esau, 1943a,b, 1945; Gunckel and Wetmore, 1946; Sterling, 
1947; Sussex, 1955; Jacobs and Morrow, 1957, 1958). Phloem 
differentiation proceeds acropetally, whereas xylem differ-
entiates initially in the leaf-primordium bases or basipetally 
to them and then progresses acropetally in the leaf and basipet-
ally in the axis. The differentiation of phloem elements starts 
prior to that of xylem elements in the leaf-traces (Esau, 
1943a, b, 1945; Gunckel and Wetmore, 1946; Sussex, 1955; 
Jacobs and Morrow, 1957, 1958). 
Differentiation of vascular tissues in elongating shoots of 
V. vinifera and V. labrusca have been described in detail by 
Hegedus, 1969; Fournioux, 1972 and Pratt, 1974. 
2.2.4 Anatomical responses to growth-regulator treatments of 
detached grapevine shoot apices cultured in vitro 
Continued growth of leaf-like structures, derived from fragment-
ed grapevine shoot apices, was dependent on the presence of 
6-benzylaminopurine (BAP) (Barlass and Skene, 1980). Other cyto-
kinins and auxins, viz. zeatin, 1-naphthaleneacetic acid (NAA) 
and 2,4-dichlorophenoxyacetic acid (2,4-D) were ineffective in 
producing adventitious buds and elicited only short-lived res-
ponses. Histological examinations showed that the basal swell-
ings of the leaf-like structures from which adventitious shoots 
arose were composed mainly of parenchymatous cells, vascular 
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tissue and cambium. Serial sections obtained from basal regions 
showed the vascular tissue to be continuous with the leaf veins. 
Bud initiation was observed to be associated with meristematic 
areas which had vascular connections with deeper-seated vascular/ 
cambial tissues (Barlass and Skene, 1980). 
As regards the shoot-apex culture of apple, Abbott and Whiteley 
(1976) reported that kinetin promoted production of adventitious 
and axillary shoots. Histological examinations revealed that 
adventitious shoots arose from meristematic units and did not, 
at least initially, have any vascular connection with the main 
shoot axis. Early stages of axillary shoot growth, once releas-
ed from apical dominance, were also illustrated. 
The effect of auxin on xylem differentiation has been effective-
ly demonstrated in studies of regeneration of severed xylem in 
an internode of Coleus (Jacobs, 1954). Tissue culture studies 
also demonstrated the requirement for auxin in xylem differ-
entiation. Jablonski and Skoog (1954) reported that pith tissue 
from tobacco stems cultured in contact with another piece con-
taining vascular strands, would undergo cell divisions. It was 
suspected that the nurse piece provided substances which evoked 
the cell division response. In another example of a nurse tissue 
experiment, Wetmore and Sorokin (1955) induced the differentia-
tion of vascular tissue in a block of callus tissue. Experiments 
of Wetmore and Sorokin (1955) and of Chutter (1960) implied that 
a localized or oriented occurrence of auxin is critical in the 
differentiation of xylem. Besides the information on morpho-
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genetic substances from shoot apices influencing xylem differ-
entiation, ~here is little evidence about other transmitted ef-
fects (Leopold, 1964). Wetrnore (1959) and Wetrnore and Rier 
(1963) stated that high sugar concentrations in culture media 
encourage phloem differentiation. 
2.3 Virus distribution 
Viruses are not equally distributed in all tissues of systematic-
ally infected plants (Broadbent, 1964; Hackett, 1966; Kassanis, 
1967; Mellor Stace-Srnith, 1977; Quak, 1977; Walkey, 1980; 
Wang and Hu, 1980)., In the grapevine the uneven distribution 
of tomato ringspot virus (TornRSV) was demonstrated by 
Gonsalves (1982). If compared with other parts of the plant, 
many viruses are not found in high concentrations in rneristernatic 
tissues of root and shoot apices (Stone, 1963; Bajaj and Dionne, 
1966; Walkey, 1978; Wang and Hu, 1980). White (1934) and 
Lirnasett and Cornuet (1949) indicated the existence of a con-
centration gradient of tobacco mosaic virus (TMV) in sterns and 
roots, with virus content decreasing towards the apices. Elim-
ination ratios of certain viruses were higher with very small 
(0,1- 0,5 mm) excisions of shoot apices (Lirnasett and Cornuet, 
1949; Stone, 1963; .Hollings and Stone, 1968; Vine and Jones, 
1969; Mori and Hosokawa, 1977; Quak, 1977; Walkey, 1980). 
Although cucumber mosaic virus (CMV) in lily, potato virus Y 
(PVY) and potato leaf roll virus (PLRV) in potato could be 
eliminated by culturing larger apices (0,5- 3,0 mm), inactivation 
of tobacco mosaic virus (TMV) in petunia, potato virus X (PVX), 
potato virus G (PVG) and potato virus S (PVS) in potato depe~ded 
on much smaller excisions (Mori and Hosokawa, 1977). 
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Viruses occasionally invade the shoot apex with the exception 
of the actual dome, but they sometimes even invade the latter 
(Broadbent, 1964; Hollings and Stone, 1964; Roberts et al., 
1970; Mori and Hosokawa, 1977). For potato varieties no 
positive evidence could be offered for the absence of certain 
viruses in meristematic regions of shoot tips (Kassanis, 1957; 
Kassanis and Varma, 1967). Sheffield (1942) and Lackey (1946) 
reported the presence of TMV and curly top viruses at the tip 
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of tobacco and tomato shoot meristems. Hollings and Stone (1964) 
proved the occurrence of carnation mettle viruses in the apical 
dome of the infected carnation plant. Walkey and Webb (1968, 
1970), using electron microscopy, observed the presence of virus 
particles within the apical dome of Nicotiana rustica infected 
with Nepo viruses such as cherry leaf roll virus (CLRV) and 
strawberry latent ringspot virus (SLRV). Appiano and Pennazio 
(1972) detected particles of potato virus X (PVX) in shoot 
meristems of potato. 
Reynolds and Corbett (1980) indicated the presence of viral-
like particles in meristematic tissues of shoot tips of grape-
vine infected with tobacco ringspot viruses (TRSV). Barlass et 
al. (1982) stated that grapevine fanleaf viruses (GFLV) clearly 
are present in the young leaf primordia at the apex. The 
presence of certain viral-like particles in meristematic tissue 
may thus preclude the possibility of inactivation procedures by 
meristem or shoot tip culture (Reynolds and Corbett, 1980). 
Stellmach (1980a) obtained healthy plants from tender young 
shoot tips (1- 5 cm) of vines infected with GFLV, arabis mosaic, 
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raspberry ringspot and tomato black ring viruses after forcing 
mother plants for 16 to 51 days at 30°C. This indicated that 
the distribution of GFLV or other Nepo viruses in infected 
vines growing in the field may be influenced by seasonal effects 
such as very warm conditions. 
2.4 Virus inactivation from vegetatively propagated material 
' 2.4.1 Inactivation by hot air treatments 
Fulton and McGrew (1970) eliminated most strains of mottle-leaf 
virus in strawberries by treating infected plants at temperatures 
near 37°C for eight days to three weeks. Posnette and Cropley 
(1958), however, reported only a small proportion of strawberry 
plants cured from crinckle or yellow edge when held at 37°C for 
four to seven weeks. Heat-labile mosaic component viruses (HLMC) 
were inactivated in a number of British red raspberry varieties 
by growing dormant plants in lighted chambers at 35°C for five 
to 35 days (Chambers, 1961). Most plants were cured from leaf 
mottle virus but not from -vein banding, vein chlorosis and yellows 
viruses and the varieties differed in their response to the 
treatment (Chambers, 1961). 
Apple plants were cured from apple mosaic virus (AMV) within 
four weeks at 37°C (Posnette and Cropley, 1956) and cherry and 
peach plants from stone fruit ringspot virus within two and 
three weeks respectively (Nyland, 1960). Rives (1970) reported 
the complete cure of an entire plant of ~- rupestris cv. Rupes-
tris du Lot from GFLV by thermotherapy (163 days at 38°C). 
Among other ornamental plants cured from viruses by heat treat-
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ment are carnation - from ringspot virus (Hollings, 1962), and 
rose - from mosaic virus (Holmes, 1960). 
Success of heat treatment is largely determined by the chances 
of survival of the treated material (Baker, 1962; Van der Meer, 
1967; Quak, 1977). Temperatures in the range of 25- 30°C are 
generally considered optimal for both photosynthesis and growth 
in grapevines (Buttrose, 1969; Kriedemann and Smart, 1971). 
Higher temperatures over prolonged periods often result in 
diminishing shoot growth, which may be due to impaired growth 
per se, and/or declining of the roots (Kriedemann et al., 1976). 
Some workers have also reported that fluctuating temperatures 
are more favourable for plant survival than constant temperatures 
(Mellor and Fitzpatrick, 1961; Larsen, 1974; Walkey and Free-
man, 19 7 7) • 
2.4.2 Inactivation by shoot apex culture alone and combined 
with thermotherapy 
Culturing shoot apices or even larger shoot tips have eliminated 
virus pathogens and improved the quality and productivity of 
many species, including carnations (Baker and Phillips, 1962; 
Labrun..:Peremans, 1966; Stone, 1968), cassava (Berbee et al., 
1973; Kartha et al., 1974), chrysanthenum (Hill, 1968; Earle 
and Langhans, 1974), gladiolus (Simonsen and Hildebrandt, 1971), 
grapevines (Barlass et al., 1982), orchids (Morel, 1960, 1964c; 
Kim, 1969), pelargonium (Pillai and Hildebrandt, 1969; Abo El-
Nil and Hildebrandt, 1971, 1973, 1974, 1976), poplar (Winton, 
1970; Berbee et al., 1972), potato (Morel and Martin, 1955; 
Kumar, 1963; Svobodova, 1966; Chandra and Hildebrandt, 1967; 
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Christensen, 1968; Stace-Smith and Mellor, 1968a, b; Simonsen 
and Hildebrandt, 1972; Wang and Huang, 1975) and sugar cane 
(Heinz et al., 1969). 
Thermotherapy combined with shoot apex culture enhanced the 
elimination rates of many viruses, e.g. carnation ring spot 
virus (Stone, 1968); ieaf mottling viruses in chrysanthenurn 
(Hollings and Stone, 1970); grapevine fanleaf virus (Gifford 
and Hewitt, 1961); necrotic ring spot virus in hops (Adams, 
1975); raspberry ring spot and tomato black ring viruses in 
peach (Jacob, 1974); potato virus Y (Thomson, 1956) and straw-
berry pallidosis, strawberry mettle and strawberry mild yellow 
edge (Mullin et al., 1974; Mullin et al., 1975). 
Rooting young shoot tips or culturing excised shoot apices in 
vitro after infected grapevines had been grown under sustained 
high temperatures (37°C and above) proved successful for the in-
activation of several viruses (Goheen et al., 1965; Nyland and 
Goheen, 1969; Goheen and Luhn, 1973; Bovey, 1980; Stellmach, 
1980a,b). The duration of thermotherapy varied with different 
viruses (Nyland and Goheen, 1969). Grapevine fanleaf, vein 
banding and yellow mosaic viruses were inactivated after 30 days 
at 38°C, followed by rooting shoot tips (1- 5 cm) (Goheen et al., 
1965). In employing the latter procedure for the inactivation 
of corky bark and leaf roll viruses, an extended period of heat 
treatment (up to 120 days) was necessary (Goheen et al., 1965; 
Nyland and Goheen, 1969). 
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It was stated (Rives, 1970; Bovey, 1980; Stellmach, 1980b; 
Wand and Hu, 1980) that virus multiplication may proceed within 
tissues of the plant that were not completely cured from the 
virus due to a lack of the necessary temperature-time-treatment. 
The in vitro application of heat treatment to rooted grapevine 
shoots (Galzy, 1964) allowed the provision of the necessary 
temperature conditions to the whole plantlet. An alternative 
approach is the application of heat treatment during in vitro 
culturing unrooted shoot apices, thus reducing the size of af-
fected tissue subjected to thermotherapy (Wang and Hu, 1980). 
The latter procedure was successfully applied for the inactiva-
tion of cucumber mosaic and alfalfa mosaic viruses from infected 
shoot apices of Nicotiana rustica (Walkey and Coopei, 1975). 
The proliferation rate of adventitious shoots from fragmented 
grapevine shoot apices increased at a high temperature (35°C), 
in contrast to cultures at 27°C (Barlass et al., 1981). In 
addition, GFLV could also be inactivated (Barlass et al., 1982). 
Since the elimination of viruses through shoot apex cultures 
does not result in immunity, it is essential to propagat~ the 
healthy plants under conditions that avoid reinfection {Quak, 
1977; Stace-Smith, 1977; Walkey, 1980; Wang and Hu, 1980). 
The speed of reinfection and the nature of preventive measures 
to be taken, are largely determined by the epidemiology of the 
viruses involved (Quak, 1977). Obviously, reinfection is fully 
excluded as long as the plantlets remain under aseptic conditions. 
It is, therefore, advantageous to maintain stock materials, as 
well as to perform mass propagation in vitro (Boxus, 1964; Quak, 
1977; Walkey, 1980; Wang and Hu, 1980). 
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\ SECTION 3 
GENERAL EXPERIMENTAL PROCEDURES 
3.1 Material 
For all experiments described in sections 4, 5 and 6, material 
was sampled from Chenin blanc (V. vinifera L.) clone VIII/1 grow-
ing in a vineyard at the Oenological and Viticultural Research 
Institute near Stellenbosch and from the rootstock cultivar 
us 1-9 (Jacquez x Richter 99) (~. aestivalis M. x V. cinerea E. x 
V. vinifera L.) x (V. berlandieri P. x ~· rupestris S.) growing 
as mother vines in a vineyard on the Welgevallen Experimental 
Farm of the University of Stellenbosch. Henceforth Chenin blanc 
and US 1-9 will be referred to as Chenin and 1-9, respectively. 
Dormant canes were collected from selected vines. Only vines 
visually free of symptoms induced by virus and virus-like dis-
eases were used. The canes were cut into lengths of 40 cm, 
treated with 2% Captan and stored in sealed plastic bags at 
2- 3 °C until used. 
Upon removal from cold storage, the canes were sectioned into 
cuttings of 12- 15 cm, each comprising two internodes with three 
buds. The basal buds were removed. These cuttings were placed 
in 250 ml beakers with the bases in ea 80 ml water. Activation 
of shoot primordia was enhanced at an ambient temperature of 
27°C under constant illumination. Budburst, followed by rapid 
shoot elongation, occurred after five to eight days. Prelimin-
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ary experiments indicated that most of the young shoot tips 
.were free of fungi, which normally are the main contaminants in 
culture. Large quantities of elongating shoots could hereby be 
procured on a small bench area within a short period and 
virtually at any time of the year. 
Shoot tips (15 mm) were removed from elongating shoots exceed-
ing 40 mm in length. Following removal of some of the outer 
leaves, the tips were surface sterilized in a 0,5% sodium hypo-
chlorite solution for 10 min and rinsed thrice in sterile dis-
tilled water. Shoot apices (0,75- 1 mm) containing 2- 3 leaf 
primordia were excised aseptically under a dissecting microscope 
fitted with an ocular micrometer. The explants were individually 
cultured in test tubes (25 x 250 mm) containing 20 ml of the 
test medium. On all occasions explants were orientated horizon-
tically (180°) on the surface of the solidified agar medium. 
Tubes were stoppered with cotton wool and covered with tin-foil 
caps. 
3.2 Culture medium 
Explants were cultured on the high salt (RM-62) medium of Mura-
shige and Skoog (1962) (Table 1). All the stock solutions were 
prepared by dissolving the constituents in distilled water and 
then making up to volume. The. inorganic salt stock solutions 
were stored in a refrigerator at 4- 5°C. The vitamin stock 
solution was prepared by dissolving the components in distilled 
water, making up to volume and storing in 10 ml aliquots in 
stoppered specimen tubes at sub-zero temperatures until used. 
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In order to obtain the complete medium, the stock solutions 
were combined in the correct proportions (Table 1). The follow-
ing supplements were added: 30 g/l sucrose, 100 mg/l myo-
inositol and 6,8 g/l Difco-Bacto agar. Fresh growth-substance 
solutions were prepared as recommended by De Fossard (1976) and 
added at various concentrations on each occasion. The pH of 
the medium was adjusted to 5, 7 with 1 .N NaOH prior to autoclaving. 
(121°C for 15 min). 
3.3 ·Culture conditions 
Explants were incubated in a walk-in temperature-controlled 
culture room, maintained at 27°C during a 16h light period and 
24- 25°C during an 8h dark period. The light source consisted 
of "Atlas" cool-white fluorescent tubes providing 3500 lux at 
culture level. 
3.4 Morphological responses of excised shoot apices 
In vitro responses of explants to different growth substances 
were investigated. 
3.4.1 Data recording 
Data were recorded on: fresh mass of callus growth at basal 
cut surfaces of explants after the shoot tissue had been care-
fully excised; shoot elongation (length of primary shoots); 
total mass of shoots; shoot proliferation (mean number of newly 
formed axillary shoots > 5 mm) ; percentages of explants with 
proliferated shoots; leaf expansion (mean number of expanded 
leaves per explant with expanded ,leaves); percentages of 
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cultures with expanded leaves; percentage rooting; mean 
number, mass and length of roots per rooted explant. 
3.5 Anatomical investigations 
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Anatomical responses of explants were studied at various inter-
vals (days) after the start of culture. For light microscopy 
(LM) material was fixed in formalin-acetic acid-alcohol (FAA), 
infiltrated by means of a tertiary butanol-paraffin wax procedure 
according to the method of Johansen (1940) and sectioned with 
a rotating microtome. For scanning electron microscopy (SEM) 
material was fixed in glutaraldehyde, dehydrated in a graded 
acetone-water series and subjected to crytical-point drying 
with C02 , after which it was studied with a SEM. 
3.6 Inactivation of grapevine fanleaf virus disease (GFLV) 
3.6.1 Material 
Material was sampled from a ~- rupestris cv. Rupestris du Lot 
vine growing in a vineyard on the Welgevallen Experimental farm 
of the University of Stellenbosch, showing typical fanleaf symp-
toms. Green cuttings were propagated in a mist-bed (Goheen and 
Nyland, 1971) and subsequently established in a sandy ~oil-type 
in plastic containers. The vines were nursed in a plastic tun-
nel until used. Dormant canes were subjected to cold storage 
as outlined in par. 3.1. From these, elongating shoots were 
obtained by forcing the buds at 27°C as described earlier (3.1). 
3.6.2 Construction of heat chamber 
Treatments were conducted in a used transfer chamber measuring 
710 rnn x 540 rnn x 540 rnn (Fig. 1 ). The chamber consisted of a wooden 
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framework with transparent glass at the sides and top-with an 
open bottom. Access to the chamber was through a sliding 
frontal lid. An opening of 720 mm x 720 mm was made in an 
ordinary laboratory bench. This opening was covered with per-
spex of the same dimensions in which holes of 5 cm $ were 
drilled. The chamber was put onto the perspex. Shoots from 
potted plants were trained through the laboratory bench into 
the heat chamber. The ambient temperature of roots in the pots 
varied from 20 to 25°C. 
Heat was provided by 3 x 200 W incandescent lamps. The temper-
ature within the chamber was controlled by means of a thermostat 
connected to the lamps. Lighting in the laboratory was con-
tinuous and was supplied by ordinary fluorescent tubes of a low 
intensity. Except for the lamps in the chamber, no supplementary 
light was provided. 
3.6.3 Virus detection 
The Enzyme-Linked Immunosorbent Assay (ELISA) procedure was ap-
plied for the detection of GFLV in grapevine tissues following 
procedures to inactivate the virus. 
The antiserum to GFLV was kindly provided by Dr J J Joubert of 
the Department of Microbiology and Virology of the University 
of Stellenbo?ch. Purification and conjugation of gamma-globulin, 
as well as the calibration of the polystyrene microtitre plates 
were carried out as described by Clark and Adams (1977). The 
concentration of gamma-globulin used for optimum coating of the 
wells was 2 g/m£. All tissues for ELISA tests were macerated 
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in phosphate-buffered saline solution (PBS) containing 0,05% 
Tween 20, plus 2% polivinyl-pyrrolidone (PVP) and 1% nicotine. 
In all tests conjugated gamma-globulin were diluted 1 : 800 in 
PBS with 0,05% Tween 20 (PBS-Tween) containing 2% PVP and 0,2% 
bovine serum albumin. Visual assessment of the contents of 
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each well was recorded ea 1h after adding the enzyme substrate, 
p-nitrophenyl phosphate, to the wells; the reaction was stopped 
with NaOH. 
Stellenbosch University http://scholar.sun.ac.za
Table 1 - Murashige and Skoog (1962) high salt medium: Composi-
tion of stock solutions 
Stock Dilution Final con-Bottle Constituent solution (ml/l) centration in (g/l) medium (mg/l) 
I NH'+N03 82,5 20 1 650 
II KN0 3 95 . 20 1 900 
III caCl2 ·2H2 0 44 10 440 
IV MgS0'+·7H 2 0 37 10 370 
V KH 2 PO'+ 17 10 170 
VI PeSO'+· 7H 2 0 1 '39 27,86 20 
Na2 EDTA 1,86 37., 26 
VII MnS0'+·4H 2 0 22,3 22,3 
ZnS0'+·7H 2 0 8,6 1 8,6 
CuS0'+·5H 2 0 0,025 0,025 
VIII H3 B0 3 6,2 6,2 
KI 0,83 0,83 
Na 2 Mo0'+·2H 2 0 0,25 
1 0,25 
CoCl2 ·5H2 0 0,025 0,025 
IX Thiamine 0,02 0' 1 
Nicotinic acid 0' 1 0,5 5 
Pyridoxine 0' 1 o, 5· 
Glycine 0,4 2,0 
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Fig. 1 - Frontal view of heat chamber: (a) thermometer; (b) thermo-
stat; (c) incandescant lamp; (d) test tube with prolifer-
ated shoots; (e) diseased vine (Rup.du Lot) in plastic con-
tainer with elongating shoot within chamber and (f) labor-
atory bench. 
f 
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SECTION 4 
RESPONSES TO PLANT GROWTH REGULATORS OF SHOOT APICES ( 0, 7 5 - 1 rrm) 
OF GRAPEVINES CULTURED IN VITRO 
4.1 Introduction 
Based on the findings of Skoog and Tsui (1948), Skoog and Miller 
(1957) and Wickson and Thimann (1958), morphological responses 
of detached shoot apices cultured in vitro could be manipulated 
through growth regulators provided in the nutrient medium, espe-
cially cytokinin and auxin. 
Responses such as elongation of primary shoots, leaf expansion, 
growth of axillary shoots (proliferation) and the initiation and 
growth of callus and roots depend largely on the concentrations 
and ratios of these growth regulators when applied to in vitro 
cultures (Murashige, 1974, 1977; De Fossard, 1976; Sagawa, 
1976; Hussey, 1980; Allan, 1981a, b). In grapevines, reports 
are limited as regards appropriate growth regulators and their 
concentrations for eliciting desired morphogenic responses. 
The purpose of this study was: (i) to investigate responses of 
excised shoot apices to various growth regulators, whether ap-
plied singly or in combination, (ii) to determine optimal con-
centrations of growth regulators required for maximal responses 
of explants and (iii) to investigate to what extent these 
responses could be controlled by interactions between different 
growth regulators. 
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4.2 Effects of kinetin alone and in combination with auxins 
4.2.1 Objective and procedure 
This experiment was conducted to determine responses of detached 
shoot apices of Chenin and 1-9 to different concentrations of 
kinetin alone and in combination with indole-3-acetic acid (LAA), 
1-naphthaleneacetic acid (NAA). and indole-3-butyric acid (IBA). 
The standard procedure (3.1, 3.2, 3.3) was followed and the 
treatments listed in Figs. 2, 3 and 4 were applied. Each treat-
ment consisted of two replicates of 1Q explants each, with a 
culture period of 56 days. 
Data for each cultivar were subjected to analysis of variance 
followed by the Student Newrnann-Keuls plural comparison test 
~Snedecor and Cochran, 1967). 
4.2.2 Results 
The results are presented in Figs. 2, 3, 4, 5, 6, 7, 8, 9 and 
1 0, and Appendices 1 • 1 , 1 • 2, 2. 1 , 2. 2, 3. 1 and 3. 2. . Unless 
otherwise indicated, results refer to both cultivars. 
4.2.2.1 Shoot elongation 
In the absence of auxins, elongation of primary shoots was 
stimulated by increasing concentrations of kinetin. Maximum 
elongation resulted at 8 mg/l; it was significantly higher than 
that recorded at lower kinetin levels (0,25- 1 mg/l) and the 
control. In the absence of kinetin, elongation in Chenin was 
stimulated by !AA only and reached a maximum at 4- 8 mg/l; in 
1-9 elongation was not significantly stimulated by IAA at all. 
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Application of the highest levels of NAA alone suppressed 
elongation; whereas IBA had no significant effect. 
33 
Combined applications of kinetin and IAA stimulated elongation 
the most. In the presence of 0,5- 8 mg/l IAA (Chenin) and 
0,5- 4 mg/i.. IAA (1-9); length of primary shoots increased with 
increasing concentrations of.kinetin. A maximum was reached 
with 8 mg/i.. kinetin and 4 mg/i.. IAA. The highest level of IAA 
(16 mg/i..) significantly suppressed elongation in ~-g·~ when com-
bined with 0,25-8 mg/i.. kinetin. 
Combinations of kinetin (0,25- 8 mg/i..) with increasing concen-
trations of NAA and IBA stimulated elongation if compared with 
control treatments (no kinetin). However, inhibitory effects 
of NAA and IBA were not totally overcome with combined applica-
tions of kinetin (even at 8 mg/i..). 
4.2.2.2 Shoot mass 
In both cultivars, shoot mass increased in response to kinetin 
treatments, reaching a maximum at 8 mg/i... In combination with 
IAA, maximum increase in mass resulted with 8 mg/i.. kinetin and 
4 mg/i.. IAA (significantly higher than that recorded for kinetin 
alone at 8 mg/i..). Combined applications of NAA or IBA (0,1-
8 mg/i..) with kinetin (0,25- 8 mg/i..) resulted in lower mass in-
creases than that induced by kinetin alone at each level. 
4.2.2.3 Callus growth at basal cut surfaces of explants 
No callus growth occurred in the presence of kinetin alone. 
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Application of IAA, singly as well as in combination with 
kinetin, also failed to induce callus growth. 
34 ' 
In the absence of kinetin, only NAA, of the auxins tested, in-
duced callus growth. Combined applications of kinetin and NAA 
(1 mg/l kinetin with 0,5- 2 mg/l NAA and 2 mg/l kinetin with 
0,5- 4 mg/l NAA) resulted in significantly higher callus masses 
in 1-9 than those recorded for other treatments. Callus growth 
was, however, strongly suppressed at higher concentrations of 
kinetin and NAA in combination. .Although in Chenin the highest 
callus masses occurred with 0,25 mg/l kinetin in combination 
with 4 mg/l NAA, it was not significantly better than that re-
corded for NAA alone. Low concentrations of NAA (0,1 mg/l) in-
duced callus growth only when combined with 2- 4 mg/l kinetin. 
In the absence of kinetin (or at 0,25 mg/l kinetin), callus 
growth could not be induced by IBA whilst it was stimulated in 
the presence of kinetin. Maximum callusing resulted with 
8 mg/l IBA in combination with 4 and 2 mg}l kinetin (Chenin and 
1-9, respectively). However, no callus growth occurred in 
either Chenin or 1-9 at higher kinetin concentrations (8 mg/l) 
in combination with the IBA levels employed. 
4.2.2.4 Leaf expansion 
Numbers of expanded leaves increased with increasing concentra-
tions of kinetin and reached a maximum at 8 mg/l. In the ab-
sence of kinetin, no leaf expansion occurred regardless of the 
auxin concentration tested. 
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35 
Combined applications of kinetin and IAA induced more expanded 
leaves than kinetin alone. However, at 16 mg/l (Chenin) and 
at 8 and 16 mg/l (1-9), IAA caused a reduction in leaf expansion 
I 
when combined with kinetin at different levels. Combinations 
of 4 and 8 mg/l kinetin and .. 0,1 mg/l NAA induced expanded leaves 
in Chenin and at 8 mg/l kinetin with 0,1- 0,5 mg/l NAA in 1-9. 
Inhibitory effects of NAA at concentrations exceeding 0,1 mg/l 
(Chenin) and 0,5 mg/l (1-9) were not cancelled by adding kinetin 
(even up to 8 mg/l). 
4.2.2.5 Percentages of explants with expanded leaves 
Kinetin alone induced leaf expansion in all cultures (100%) at 
the highest concentrations applied (4 and 8 mg/l). However, 
leaf expansion in 100% of the cultures could be achieved with 
lower concentrations of kinetin (2 mg/l) when applied in corn-
bination with appropriate IAA levels. In the presence of NAA, 
kinetin failed to induce leaf expansion in all cultures. Corn-
binations of kinetin (4 and 8 mg/l) with IBA (0,1- l mg/l for 
Chenin and 0,1-0,5 mg/l for 1-9) resulted in leaf expansion 
in 100% of the cultures. 
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Fiq. 2 - In vitro growth responses of excised 
shoot apices of Chenin (a) and 1-9 (b) 
to different concentration ratios of 
kinetin and indole-3-acetic acid (IAA) 
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Fig. 3 - !~ vitro growth responses of excised 
shoot apices of Chenin (a) and 1-9 
(b) to different concentration ratios 
of kinetin and 1-naphthaleneacetic 
acid (NAA) 
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Fig. 4 .. - In vitro growth responses of excised shoot 
apices of Chenin (a) and 1-9 (b) to dif-
ferent concentration ratios of kinetin and 
indole-3-butyric acid (IBA) 
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4.3 Effects of different concentrations of cytokinins 
4.3.1 Objective and procedure 
The optimal concentration of cytokinin for eliciting maximal 
responses in shoot apex cultures varies greatly from species to 
species (Murashige, 1977; Cheng, 1978; Hussey, 1978, 1980; 
Anderson, 1980). In the previous experiment kinetin st·imulated 
shoot elongation and leaf expansion. However, no axillary 
shoots were produced, even at 8 mg/l, thus indicating that high-
er concentrations might be needed. This experiment was conducted 
to compare the responses of excised shoot apices of Chenin and 
1-9 to different concentrations of four different cytokinins, 
viz., kinetin, 6-benzylaminopurine (BAP), zeatin and zeatin 
riboside (ZR) shown in Fig. 11. The standard procedure (3.1, 
3.2, 3.3) was followed and the culture period extended over 
30 days. Each treatment included three replicates of 10 ex-
plants each. Data for each cytokinin were subjected to analysis 
of variance followed by the Duncan's plural comparison test 
(Snedecor and Cochran, 1967). 
4.3.2 Results 
The results are presented in Figs. 11, 12, 13, 14 and 15, and 
Appendices 4.1, 4.2, 4.3 and 4.4. Unless otherwise indicated, 
results refer to both cultivars. 
4.3.2.1 Shoot elongation 
Primary shoot length increased almost linearly in response to 
increasing levels of kinetin. Maximum elongation resulted at 
20 mg/l; it was significantly higher than that recorded for 
Stellenbosch University http://scholar.sun.ac.za
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lower levels (0,1- 10 mg/l for Chenin and 0,1- 15 mg/l for 1-9). 
BAP proved the most effective at 2 mg/l (significant at the 5% 
level). However, at higher concentrations (>2 mg/l) elongation 
was either suppressed (1-9) or inhibited (Chenin). 
Shoot elongation was greatly stimulated by zeatin treatments, 
reaching maximum levels at 15 mg/l. A suppression followed at 
20 mg/l '(significantly lower than recordings for 15 mg/l). Ex-
cised shoot apices responded markedly to the addition of ZR. 
Maximum elongation resulted at 10 mg/l. However, at higher con-
centrations (15- 20 mg/l) elongation was suppressed. 
4.3.2.2 Shoot mass 
Maximum increase in mass in response to individual cytokinins 
was achieved at the same concentrations that were most stimulat-
ory for shoot elongation. 
4.3.2.3 Shoot proliferation 
Shoot proliferation rates were controlled to a high extent by 
different concentrations of the indiv~dual cytokinins~ For 
kinetin highest numbers of proliferated shoots resulted at the 
highest concentrations tested (20 mg/l). BAP proved the most 
effective at 2 mg/l, but a complete inhibition resulted at 
higher levels. With zeatin, the maximum proliferation rate was 
obtained at 15 mg/l, whereas ZR induced the highest number of 
shoots at 10 mg/l. Higher levels of ZR were inhibitory. 
Stellenbosch University http://scholar.sun.ac.za
4.3.2.4 Percentages of explants with proliferated shoots 
Even at the highest concentration (20 mg/l), kinetin failed to 
induce axillary shoot growth in all cultures (100%). Both 
38 
zeatin and ZR induced shoot proliferation in 100% of the cultures 
at concentrations lower than the optimum levels for shoot elonga-
tion, increase in mass and numbers of proliferated shoots. At 
2 mg/l, BAP resulted in 100% shoot proliferation for 1-9, but 
not for Chenin. 
4.3.2.5 Effects of optimum levels of different cytokinins 
The results are presented in Table 2. 
Significantly better shoot elongation as well as increases in 
mass resulted with ZR at 10 mg/l (optimum level) than with 
either zeatin, BAP and kinetin (applied at their respective 
optimum levels of 15, 2 and 20 mg/l). Although highest numbers 
of proliferated shoots occurred with 10 mg/l ZR, the results 
did not differ significantly from those recorded for optimum 
levels of zeatin and BAP. Significantly less proliferated 
shoots resulted with kinetin at 20 mg/l than with each of the 
other cytokinins at their optimum levels. With the exception 
of kinetin - which gave the poorest results - the various cyto-
kinins did not differ significantly in their ability to stim-
ulate axillary shoot growth in cultures. 
Stellenbosch University http://scholar.sun.ac.za
Fig. 11 - In vitro growth responses of excised 
shoot apices of Chenin (a) and 1-9 (b) 
to different concentrations of kinetin 
(KIN) 1 6-benzylaminopurine (BAP) 1 
zeatin (ZT) and zeatin riboside (ZR) 
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4.4 Effects of BAP and ZR alone and combined with NAA 
4.4.1 Objective and procedure 
Detached shoot apices of woody plant species (apple, cherry, 
pear and plum) responded with enhanced shoot production to com-
binations of BAP and NAA at appropriate levels (Cheng, 1978, 
1979). Although the potential. of BAP:NAA combinations for in-
duction of shoot proliferation of excised grapevine shoot apices 
has been indicated (ChAe and Pool, 1982), detailed data are 
lacking on optimal levels of BAP:NAA ratios. This experiment 
was conducted to determine responses of excised shoot apices of 
~. . ' 
Chenin and 1-9 to different concentrations of BAP and ZR alone 
and in combination with'NM• 
The standard procedure (3.1, 3.2, 3.3) was followed and the 
treatments listed in Figs. 16 and 17 were applied. Each treat-
ment consisted of 10 explants replicated twice; the culture 
period was 42 days. Data for each cultivar were subjected to 
analysis of variance followed by the Student Newmann-Keuls 
plural comparison test (Snedecor and Cochran, 1967). 
4.4.2 Results 
The results are presented in Figs. 16, 17, 18, 19, 20 and 21, 
and in Appendices 5.1, 5.2, 6.1 and 6.2. Unless otherwise in-
dicated, results refer to both cultivars. 
4.4.2.1 Shoot elongation 
Singly, BAP and ZR induced maximum elongation of primary shoots 
at 2 and 10 mg/l respectively. In the presence of 3,5 mg/l BAP 
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elongation was suppressed (significantly lower than levels ob-
tained with 1- 2 mg/l for Chenin and 0,5- 2 mg/l for 1-9). In 
the absence of cytokinin, elongation was not significantly sup-
pressed by NAA. 
Combinations of BAP (0,5 - 3,5 mg/!) and ZR (1 - 10 mg/!) with 
0,1 mg/l NAA stimulated shoot elongation as compared to control 
treatments (no cytokinin). However, elongation levels induced 
with applications of the cytokinins singly were not attained by 
any combination. 
4.4.2.2 Shoot mass 
With one exception (2 mg/l BAP plus 0,1 mg/l NAA in 1-9), the 
increase in shoot ma~s obtained with 2 mg/l BAP was significant-
ly higher if compared to all other treatments. 
Combination of ZR (10 mg/!) with NAA (0,1 mg/!) gave rise to a 
significantly higher shoot mass than that obtained with 10 mg/l 
ZR alone (Chenin). This combination was the most effective of 
all treatments (Chenin). In general, higher masses resulted 
from applications of either BAP (0,5- 3,5 mg/l) or ZR (1-10 mg/l) 
singly, if compared with combinations of BAP or ZR with the dif-
ferent NAA concentrations (1-9). These differences, however, 
were not always statistically significant. 
4.4.2.3 Callus growth at basal cut surfaces of explants 
No callus growth occurred in the presence of BAP and ZR applied 
singly. In the absence of cytokinin, slight but not significant 
callus growth occurred with NAA at levels of 1 mg/l and above. 
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Low concentrations of NAA (0,1 mg/!) resulted in callus growth 
only when applied in combination with ZR (1- 10 mg/!); the in-
crease was not significant, however. 
In the presence of 0,5 to 2 mg/£ BAP, callus masses increased 
with increasing concentrations of NAA. Maximum callus resulted 
with 1 mg/£ BAP and 5 mg/£ NAA for Chenin and with 2 mg/£ BAP 
and 2 mg/£ NAA for 1-9. 
Application of ZR (1- 10 mg/!) in combination with NAA (0,1-
5 mg/!) resulted in an almost linear increase in callus growth 
(Chenin). Maximum callus masses (significant at the 5% level) 
were induced with the highest levels of ZR and NAA in combina-
tion (10 and 5 mg/£ respectively) (Chenin). A different 
response was recorded for 1-9: Significantly better callus 
growth occurred at lower levels of both NAA and ZR in combina-
tion (2 mg/£ with 1 mg/£ and 1- 2 mg/£ with 2- 5 mg/£ respective-
ly). A significant suppression followed at higher NAA levels 
in combination with ZR (5 mg/£ with 1- 5 mg/!). Callus growth 
was also markedly suppressed in combinations of 10 mg/£ ZR with 
1 and 2 mg/£ NAA. 
4.4.2.4 Shoot proliferation 
No shoot proliferation occurred in the absence of cytokinin. 
In the presence of BAP and ZR, alone or with 0,1 mg/£ NAA, 
axillary shoot growth proceeded. Highest numbers of proliferated 
shoots resulted with 2 mg/£ BAP and 10 mg/£ ZR. A complete in-
hibition occurred with BAP at higher levels (3,5 mg/!). 
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Although axillary shoot. growth occurred with certa'in BAP: NAA 
combinations, highest proliferation rates (not always statistic-
ally significant) were induced by BAP alone at 2 mg/l. Combined 
applications of 1-2 mg/l ZR with NAA.were ineffective for shoot 
proliferation. However, proliferation rates increased in 
response to combinations of ZR at higher levels (5 and 10 mg/l) 
with 0,1 mg/l NAA. Shoot numbers recorded for the above com-
binations were significantly better than those for ZR alone (5 
and 10 mg/l) (Chenin). 
Inhibitory effects of NAA at higher levels (1- 5 mg/l) could 
not be alleviated by adding either BAP (0,5- 3,5 mg/l) or ZR 
( 1 - 10 mg I l) . 
4.4.2.5 Percentages of explants with proliferated shoots 
Treatments comprising 2 mg/l BAP alone and in combination with 
0,1 mg/l NAA gave rise to shoot proliferation in all cultures 
(100%) (1-9). In Chenin none of the treatments induced shoot 
proliferation in 100% of the cultures. 
Single applications of ZR (5 and 10 mg/l) resulted in 100% shoot 
proliferation. Although more shoots proliferated with 5 mg/l 
ZR combined with 0,1 mg/l NAA than with 5 mg/l ZR alone, the 
above combination failed to induce proliferation in all cultures 
(100%). 
4.4.2.6 Root formation 
Rooting occurred only in Chenin at appropriate levels of ZR and 
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No rooting occurred within the culture period of 42 days in the 
presence of ZR or NAA alone as well as in combinations including 
the above growth substances at their highest levels. 
Although a combination of 2 mg/.f. ZR with 1 mg/.f. NAA proved the 
most effective for root initiation (significant at the 5% level), 
root elongation was markedly suppressed as compared to 2 mg/.f. 
ZR plus 0,1 mg/l. NAA. Root elongation was stimulated with in-
creasing concentrations of ZR (up to 5 mg/.f.) in combination with 
0,1 and 1 mg/.f. NAA ~espectively. M~ximum elongation was record-
ed with 5 mg/l. ZR and 0,1 mg/.f. NAA. However, in combination 
with higher NAA levels (2 mg/.f.), root elongation became sup-
pressed with increasing concentrations of ZR. 
The highest root mass resulted from 2 mg/.f. ZR in combination 
with 0,1 mg/.f. NAA, although the root number was less than that 
recorded for the optimum combination (2 mg/.f. ZR and 1 mg/l. NAA). 
Apart from 5 mg/.f. ZR in combination with 2 mg/l. NAA, all 
cultures that developed roots showed 100% rooting. 
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Fig. 16 - In vitro growth responses of excised 
shoot apices of Chenin (a) and 1-9 (b) 
to different concentration ratios of 
6-benzylaminopurine (BAP) and 1-naphtha-
leneacetic acid (NAA) 
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Fig. 17 - In vitro growth responses of excised shoot 
apices of Chenin (a) and 1-9 (b) to dif-
ferent concentration ratios of zeatin ri-
boside (ZR) and 1-naphthaleneacetic acid 
(NAA) 
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Table 3 - The effect of different concentration ratios of 
zeatin riboside (ZR) and 1-naphthaleneacetic acid 
(NAA) on root initiation, root elongation, total root 
mass and percentages of explants with root formation 
derived from shoot apices of Chenin blanc cultured in 
vitro 
Treatment Number Root Root % of explants 
(mg/l) of elongation mass with root 
ZR : NAA roots (mm) (mg) formation 
0,0 0,0 0,00 g 0,00 i 0,00 h 0 c 
0,0 0, 1 0,00 g 0,00 i 0,00 h 0 c 
0,0 1 '0 0,00 g 0,00 i 0,00 h 0 c 
0,0 2,0 0,00 g 0,00 i 0,00 h 0 c 
0,0 5,0 0,00 g 0,00 i 0,00 h 0 c 
1 '0 0,0 0,00 g 0,00 i 0,00 h 0 c 
1 '0 0,1 2,60 e 15,50 c 10,28 f 100 a 
1 '0 1 10 5,50 b 6,60 f 28,28 d 100 a 
1 '0 2,0 2,10 e 4,60 g 12,18 f 100 a 
1 '0 5,0 0,00 g 0,00 i 0,00 h 0 c 
2,0 0,0 0,00 g 0,00 i 0,00 h 0 c 
2,0 0, 1 5,50 b 18,90 b 54,91 a 100 a 
2,0 1, 0 6,20 a 9,80 e 37,82 c 100 a 
2,0 2,0 2,50 e 4,20 g 12, 19 f 100 a 
2,0 5,0 0,00 g 0,00 i 0,00 h 0 c 
5,0 0,0 0,00 g 0,00 i 0,00 h 0 c 
5,0 0,1 4,70 c 21 , 1 0 a 48,49 b 100 a 
5,0 1, 0 3,10 d 11 , 90 d 18,39 e 100 a 
5,0 2,0 1 , 00 f 1 '80 h 6,25 g 50 b 
5,0 5,0 0,00 g 0,00 i 0,00 h 0 c 
10,0 0,0 0,00 g 0,00 i 0,00 h 0 c 
10,0 0, 1 0,00 g 0,00 i 0,00 h 0 c 
10,0 1 , 0 0,00 g 0,00 i 0,00 h 0 c 
10,0 2,0 0,00 g 0,00 i 0,00 h 0 c 
10,0 5,0 0,00 g 0,00 i 0,00 h 0 c 
a - i: Compare in the same vertical column. Means accompanied 
by a common letter are not different at the 5% level. 
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44 
4.5 Effects of ZR alone and in combination with GA 3 
4.5.1 Objective and procedure 
Irrespective of stimulatory effects on primary shoot elongation 
(More!, 1964a, b), gibberellic acid (GA 3 ) has found limited ap-
plication in shoot apex cultures, due to suppressing effects on 
callus and root initiation and axillary shoot ''growth (Murashige, 
1977; Hussey, 1980; Wang and Hu, 1980; Allan, t981a,b). The 
question arose as to whether inhibitory effects of GA3 on axil-
lary shoot growth from excised grapevine shoot apices could be 
overcome by the addition of cytokinins. In this experiment 
. 
responses of detached shoot apices of Chenin and 1-9 to combined 
applications of ZR and GA 3 were investigated • 
• 
The procedure as outlined earlier (3.1, 3.2, 3.3) was followed 
and the explants were subjected to treatments indicated in 
Fig. 22 .;' Each treatment consisted of two replicates of 10 
explants each. Due to browning and deterioration of cultures 
over prolonged periods the experiment was terminated after 
18 days. Data for each cultivar were subjected to analysis of 
variance followed by the Student Newmann-Keuls plural comparison 
test (Snedecor and Cochran, 1967). 
4.5.2 Results 
The results are presented in Figs. 22, 23 and 24, and in Ap-
pendices 7.1 and 7.2. Unless otherwise indicated results are 
related to both cultivars. 
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45 
4.5.2.1 Shoot elongation 
Primary shoot elongation was stimulated in the presence of 
either ZR or GAl, applied singly. Maximum elongation resulted 
at the highest levels (10 mg/l) of each of the growth substances 
tested. However, if compared with control treatments, mean 
shoot length increased significantly only for 5- 10 mgfl ZR. 
Combined applications of ZR and GAl had a favourable effect on 
shoot elongation. Highest levels resulted with 10 mg/l ZR and 
10 mg/l GAl (significantly higher than that recorded for ZR and 
GAl applied singly at 10 mg/l) (Chenin). In 1-9 lower levels 
of ZR (5 mg/l) in combination with 10 mg/l GA 3 accounted for 
maximum elongation (significantly higher than that recorded for 
10 mg/l ZR and 10 mg/l GA 3 ). 
4.5.2.2 Shoot mass 
Shoot mass increased in response to increasing concentrations 
of ZR and GAl applied singly, reaching a maximum at the highest 
levels tested (10 mg/l). However, GAl alone contributed only 
to a limited extent to the mass increase. After 18 days mass 
increase was not significantly better than that recorded for 
control treatments. 
Maximum increase in mass resulted with combined applications of 
10 and 5 mg/l ZR with 10 mg}l GAl (Chenin and 1-9 respectively). 
4.5.2.3 Leaf expans~on 
In the presence of ZR alone the number of expanded leaves in-
Stellenbosch University http://scholar.sun.ac.za
creased with increasing concentrations of ZR, reaching a maxi-
mum at 10 mg/!. Although leaf expansion occurred in the ab-
sence of ZR with 5 and 10 mg/! GA 3 , only a few leaves were ex-
panded. 
46 
Combined applications of the growth substances tested induced 
more expanded leaves than individual treatments. A combination 
of 10 mg/! ZR and 10 mg/! GA 3 proved the most effective in 
Chenin. In 1-9 highest leaf numbers resulted at lower GA 3 con-
centrations (0,5 and 1 mg/!) in combination with 10 mg/! ZR. 
It was also noted - not shown in the results - that explants re-
sponded with tendril formation to GA 3 singly (2- 10 mg/!) as 
well as to combinations of 1 - 10 mg/! ZR with 0,5 - 10 mg/! GA3 • 
In the presence of ZR alone no tendrils formed. 
4.5.2.4 Percentages of explants with expanded leaves 
Only those explants treated with the highest concentrations of 
ZR alone (10 mg/! for Chenin and 5 and 10 mg/l for 1-9) gave 
rise to leaf expansion in 100% of the cultures, regardless of 
the GA 3 level. GA3 by itself failed to induce leaf expansion 
in all cultures (100%). Leaf expansion could be induced in 
100% of the cultures at lower concentrations of ZR when applied 
in combination with higher GA 3 levels. 
Stellenbosch University http://scholar.sun.ac.za
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Cl 
E 
a: 
N 
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Cl 
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a: 
N 
GA3 mg/1 
Fig. 22 - In vitro growth responses of excised shoot 
apices of Chenin (a) and 1-9 (b) to dif-
ferent concentration ratios of zeatin 
riboside (ZR) and gibberellic acid (GA3 ) 
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4.6 Effects of combined applications of BAP and ZR 
4.6.1 Objective and procedure 
Although for a variety of woody plants it has been shown that 
detached shoot apices cultured in vitro responded with enhanced 
axillary shoot growth in the presence of cytokinin, whether 
alone or in combination with auxin (Abbott and Whiteley, 1976; 
Tabachnik and Kester, 1977; Chaturvedi et al.., 1 1978; Harnmerschlag, 
1980; Singha, 1980), detailed information is lacking on the 
effects of combined applications of different cytokinins. This 
experiment was conducted to investigate responses of excised 
shoot apices of Chenin to combined applications of BAP and ZR. 
The procedure as outlined earlier ( 3.1, 3. 2, 3. 3) ·was followed 
and explants were subjected to treatments listed in Fig. 25. 
Each treatment comprised two replicates of 10 explants each, 
with a culture period of 42 days. Results were subjected to 
analysis of variance followed by the Student Newmann-Keuls 
plural comparison test (Snedecor and Cochran, 1967). 
4.6.2 Results 
The results are presented in Figs. 25, 26, 27 and 28, and in Ap-
pendix 8. 
4.6.2.1 Shoot elongation 
Elongation rates increased considerably in response to ZR treat-
ments alone. Maximum elongation was recorded at 10 mg/l. In 
the presence of BAP alone, maximum elongation resulted at 2 mg/l; 
Stellenbosch University http://scholar.sun.ac.za
48 
however, at 5 mg/l it was severely inhibited. Combined applica-
tions of BAP (0,5- 2 mg/l) and ZR (1- 5 mg/l) stimulated elonga-
tion significantly as compared to control treatments. In com-
parison to elongation with 10 mg/l ZR, inhibition resulted when 
0,5- 2 mg/l BAP was added. There were no significant differences 
between elongation levels with BAP (5 mg/l) combined with ZR 
(1- 10 mg/l) and the control. 
4.6.2.2 Shoot mass 
Maximum increase in mass was achieved with a combination of BAP 
and ZR (both at 2 mg/l). Although shoot elongation was inhibit-
ed with 5 mg/l. BAP, singly and in combination with 1- 10 mg/l 
ZR, mass tended to increase slightly; however, not statistical-
ly significant from the control. 
4.6.2.3 Shoot proliferation 
Singly, ZR induced maximum shoot proliferation at the highest 
concentration tested (10 mg/l). Proliferation rates with 
optimum levels of ZR (10 mg/l) and BAP (2 mg/l), supplied singly, 
did not differ significantly. At 5 mg/l, BAP resulted in com-
plete inhibition of shoot proliferation. Shoot proliferation 
was stimulated by a combination of the two cytokinins, a com-
bination of BAP and ZR (both at 2 mg/l) proving the most ef-
fective. It was also evident that the agar medium (Fig~ 27) 
did not inhibit submerged growth, i.e. shoot elongation and 
proliferation. 
4.6.2.4 Percentages of explants with proliferated shoots 
Only those explants treated with the highest concentrations 
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(5 and 10 mg/l) of ZR singly .induced shoot proliferation in all 
cultures (100%). BAP by itself was most effective at 2 mg/l. 
Shoot proliferation in 100% of the cultures could be achieved 
with lower concentrations of cytokinins in combination than 
with each cytokinin applied separately. 
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BAP mg/1 
a: 
N 
Fig . 25 - In vitro growth responses of excised shoot 
apices of Chenin to different concentration 
ratios of 6-benzylaminopurine (BAP) and 
zeatin riboside (ZR) 
Fig . 26 - Shoot elongatiGn and proliferation in 
response to 10 mg/l ZR 
Fig . 27 - Shoot proliferation in a submerged 
culture 
27 
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4.7 Effects of cytokinins in routine subculturing 
4.7.1 Objective and procedure 
The most substantial commercial use of in vitro techniques has 
been in rapid clonal multiplication (Murashige, 1977l Hussey, 
1980; Wang and Hu, 1980). In previous experiments (4.3, 4,4, 
4.5, 4.6) responses to BAP and ZR of excised shoot apices of 
Chenin were investigated within single culture periods, exclud-
ing subsequent transfers to fresh media. Objectives of this 
study were the effects of the latter cytokinins in routine sub-
culturing on the rate of proliferation and morphological charac-
teristics of proliferated shoots. 
The procedure, except where specified, was according to section 
3, using the cv. Chenin. For initial culturing 10 mg/l ZR was 
used. ZR was included at such high levels (initially and in 
subcultures) because of its previously observed marked stimula-
tion of elongation and proliferation of shoots from excised 
apices. After 30 days, single cultures showing vigorous shoot 
elongation and proliferation (each having at least five shoots 
>5 mm) were transferred from individual test tubes to 500 ml 
wide-mouth Erlenmeyer flasks containing 80 ml of medium. Sub-
culture media were enriched with: (i) 2 mg/l BAP; (ii) 2 mg/l 
BAP + 2 mg/l ZR and (iii) 10 mg/l ZR. Control flasks lacked 
cytokinins. Each treatment consisted of five flasks replicated 
twice. Cultures were repeatedly transferred to fresh media at 
15-day intervals. At each subculture shoot clumps were sub-
divided into more or less equal parts after proliferated shoots 
(>5 mm) had been excised. The experiment was terminated after 
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five subcultures. Data were subjected to analysis of variance 
followed by Duncan's multiple range test (Snedecor and Cochran, 
1967). 
4.7.2 Results 
The results are presented in Figs:. 29 - 35 •. 
Cytokinin application in subculture resulted in considerable 
shoot proliferation (Fig ... 29) . · Maximum 'sh~ot ··p:ioducti,on ( sig-
nificant at the 5% level) was induced by a combination of BAP 
and ZR (both at 2 mg/£). Up to the second subculture, shoot 
proliferation was relatively limited. Subsequently, it increas-
ed almost linearly (Figs. ·.30, 31) ·~ Treatmemts lacking cyto.;.. . 
kinins (control) produced no shoots in subsequent subcultures. 
Extensive submerged shoot proliferation was observed with BAP 
singularly and in combination with ZR at the concentrations 
applied (Fig. 32). Submerged shoot proliferation may account 
for higher overall shoot frequency as well as for sharp increas-
es in the number of shoots over 15-day intervals. With 10 mg/£ 
ZR no submerged shoot proliferation occurred. In subsequent sub-
cultures shoot clumps responded after 35- 40 days to high levels 
of ZR (10 mg/£) with submerged callus growth. A compact, nodular, 
greenish callus tissue resulted, which was completely absent 
with 2 mg/£ BAP, either alone or in combination with low con-
centrations of ZR (2 mg/£). 
Shoots produced with 2 mg/£ BAP, singularly and in combination 
with 2 mg/£ ZR, lacked uniformity of size, appeared shorter and 
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thicker and exhibited curved growth patterns. Leaves were con-
spiciously abnormal (Fig. 33f. Dichotomous-like branching of 
proliferated shoots occurred~ .it was especially discernible 
after 4- 5 days following transfer to fresh media (Fig. 34). 
Although after 9- 10 days the apical regions of many shoots 
were forked, subsequent elongation was limited. Continuous 
branching of proliferated shoots gave rise to the formation of 
dense shoot clusters with numerous protruding shoots. 
When applied in combination with BAP, low concentrations of ZR 
(2 mg/l) did not alter the morphological characteristics of 
proliferated shoots. It is not clear whether this response 
could be specifically attributed to BAP or whether it was caused 
by gross shoot proliferation. Shoots produced with 10 mg/l ZR 
were characterized by single axes, were slim, erect, more uniform 
in size, bore almost typical leaves, elongated rapidly, lacked 
any branching and resulted in shoot clumps of lower density 
(Fig. 35). Shoot production with the latter treatment appear-
ed to be mainly due to development and growth of axillary 
meristems. 
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Fig. 29 - The effect of different concentration 
ratios of 6-benzylaminopurine (BAP) 
and zeatin riboside (ZR) in subcul~ure 
on shoot proliferation from excised 
shoot apices of Chenin 
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Fig. 30 - Shoot production over 5 subcultures in response to 
different concentrations of cytokinins 
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Fig. 31 - Shoot proliferation with 10 mg/l ZR at 10 days after 
the second subculture. 
Fig. 32 - Submerged shoot proliferation with 2 mg/l BAP at 
12 days after the second subculture. 
Fig. 33 - Morphological characteristics of shoots proliferated 
with 2 mg/l BAP alone and in combination with 2 mg/l 
ZR. 
Fig. 34 - Enlarged part of shoot clump in Fig. 33 showing 
dichotomous-like branching (arrowed) . 
Fig. 35 - Morphological characteristics of shoots proliferated 
with 10 mg/l ZR. 
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4.8 Discussion 
4.8.1 Cytokinin effects 
Irrespective of the presence of cytokinins in actively growing 
shoot tips of grapevines (Volmer, 1976), results of the present 
investigation clearly indicate that apices, once excised, were 
dependent on external sources of cytokinin in order to respond 
with in vitro leaf expansion, shoot elongation and proliferation. 
This is in accordance with reports for other woody species 
(Jacobs et al., 1969; Elliot, 1970; Jacobs, 1973; Abbott and 
Whiteley, 1976; Jones et al., 1977; Tabachnik and Kester, 1977; 
Broome and Zimmerman, 1978; Chaturvedi et al., 1978;· Hammerschlag, 
1980; Singha, 1980). 
Although the cytokinins tested were active over a range of con-
centrations, optimum levels varied greatly between different 
cytokinins. Low concentrations of BAP (0,1- 2 mg/i) stimulated 
shoot elongation and proliferation but were inhibitory at higher 
levels (3,5- 5 mg/i). This supports the findings of Jones (1977) 
for apples, Adams (1975) for hops, Mekers (1977) for ornamental 
bromeliad cultivars, Hammerschlag (1980) for peaches and 
Singha (1980) for pears. Although Preil and Engelhardt (1977) 
reported that shoot proliferation ·of Azaleas was stimulated with 
I 
increasing concentrations of BAP (2 '- 5 mg/i), lower BAP levels 
(0,1- 2 mg/i) appear to be optimal for most woody species. Both 
zeatin and ZR elicited enhanced shoot elongation and prolifera-
tion, with concomitant increases in mass. Optimal rates were, 
however, achieved at much higher levels if compared with BAP. 
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Over the concentration ranges tested, kinetin appeared to be 
the least effective for shoot elongation and proliferation of 
cultured shoot apices, in comparison with BAP, zeatin and ZR. 
It is, however, possible that the concentrations of kinetin 
tested were further from the optimum than for the other three 
cytokinins. 
4.8.2 Cytokinin:Auxin effects 
The effects of kinetin on shoot elongation, increases in mass 
and leaf expansion were enhanced when used in combination with 
IAA, provided IAA concentrations did not exceed 8 rng/~ for 
/ 
Chenin and 4 rng/t for 1-9. In the presence of relatively high 
IAA concentrations, shoot elongation was either slightly in-
hibited or retarded in contrast to slight stimulatory effects 
of lower levels. Applications of both NAA and IBA singly 
strongly inhibited shoot elongation and leaf expansion. In corn-
bination with kinetin, inhibitory effects were only slightly 
overcome at appropriate levels. 
Excised shoot apices of some herbaceous plants responded with 
marked shoot proliferation to kinetin:auxin combinations (Ben-
Jaacov and Langhans, 1972; Jelaska and Sutina, 1977; Jarnes 
and Newton, 1977). In the present investigation the addition 
of kinetin, whether alone or in combination with IAA, NAA or 
IBA, failed to promote axillary shoot production. 
Naphthaleneacetic acid in some cases suppressed stimulatory ef-
fects of both BAP and ZR on shoot elongation. In Chenin, higher 
yields in shoot mass with BAP (0,5 and 1 rng/!) and ZR (5 and 
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10 rng/l) in combination with 0,1 rng/l NAA (although not always 
statistically significant) rnay .be attributed to diameter increase 
of stern parts and increased rates of shoot proliferation. Shoot 
proliferation rates were influenced by an interaction between 
5 or 10 rng/l ZR and 0,1 rng/l NAA (Chenin). However, the occur-
rence of callus growth with 5 and 10 rng/l · ZR in combination with 
0,1 rng/l NAA may be considered as a disadvantage, due to the 
probability of shoot clusters changing ultimately into callus-
like masses (Murashige, 1977; Hussey, 1980). Apart from 
0,1 rng/l NAA in combination with .2 rng/l BAP (Chenin) and with 
10 rng/l ZR (both cultivars), shoot proliferation in all cultures 
(100%) did not occur with other combinations. 
No callusing occurred on media lacking auxin. Meristernatic 
cells of explants apparently do not contain sufficient auxin to 
promote callus growth when cultured in vitro. In the absence 
of cytokinin, NAA promoted callus initiation and growth, whereas 
IAA and IBA did not. In culturing young green stern segments of 
grapevine in vitro (Orffer, 1956), callus initiation was ob-
served to be favoured by high humidity, but if water and agar 
media were in contact with exposed wounds, callus initiation 
was suppressed. Suppressive effects of liquid media on callus 
growth irrespective of the presence of auxin was overcome by 
the presence of adenine sulphate (Orffer, 1956). Suppressed 
callus growth in the present investigation irrespective of the 
presence of IBA and IAA may thus be correlated with the orienta-
tion of explants on the media surface as on all occasions ex-
posed wounds were in contact with agar. Nevertheless, the re-
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sults clearly indicate that callusing was influenced by inter-
actions between cytokinins and auxins, especially discernible 
in combinations of kinetin with NAA and IBA and BAP and ZR in 
combination with NAA. Combined applications of kinetin and 
IAA, however, failed to induce callus initiation. The inability 
of IAA alone, as well as in combination with kinetin to initiate 
callus, may also be due to the low activity and stability of 
IAA when applied in culture (De Fossard, 1976; Hussey, 1980). 
Although not statistically analysed, 1-9 responded to a much 
' higher degree with callus growth than Chenin to the applied 
cytokinin:auxin ratios. 
Suppressive effects of auxin on root formation of detached 
shoot apices are in contrast to the findings for other plant 
species (Stone, 1963; Van Os, 1964; Jones and Vine, 1968; 
Hollings and Stone, 1970; Jacobs, 1973; Boxus, 1975). Although 
in grapevines rooting of small excisions of apices occurred in 
the presence of auxin (Gifford and Hewitt, 1961; Galzy, 1972; 
Hoeffer and Gifford, 1964; Bini, 1976), recovery percentages 
were very low. Barlass and Skene (1978, 1979) reported success-
ful rooting of in vitro produced shoot tips (>3 mm) on media 
lacking auxin. Elongating shoot tips apparently do contain suf-
ficient auxin to promote rooting when cultured in vitro. 
Since rooting in the present investigation was not stimulated 
in the presence of cytokinin alone, results with ZR in combina-
tion with NAA indicated that an interaction between these growth 
substances exists with respect to root formation in Chenin. 
Rooting occurred in all combinations of 0,1- 2 mg/l NAA with 
Stellenbosch University http://scholar.sun.ac.za
57 
1- 5 mg/t ZR . In contrast to the general agreement that root 
formation is favoured by high auxin/cytokinin relationships 
(Murashige, 1977), the highest levels of NAA combined with the 
lowest levels of ZR lacked root initiation. Although maximum 
rooting resulted with 1 mg/t NAA in combination with 2 mg/t ZR, 
root elongation was suppressed with this treatment. Inhibitory 
effects of auxin on root elongation .are in accordance with re-
ports for other plant species (Murashige, 1977; Cheng, 1978; 
Hussey, 1980; Allan, 1981a,b)'. Root elongation achieved with 
0,1 mg/t NAA in combination with 1-5 mg/t ZR may perhaps be 
attributed to stimulatory effects of the cytokinin ~ However, 
elongated roots with the above combination did. not contribute 
to a stimulation of shoot elongation with.in the culture period 
of 42 days. 
The above findings emphasize that the proper choice of cytokinin 
and auxin and the - adjustment of concentrations of the two growth 
substances is of major importance for detached grapevine shoot 
apices to respond maximally when cultured in vitro. 
4.8.3 Cytokinin:Gibberellin effects 
Stimulatory effects of GA 3 alone on primary shoot elongation of 
e x cised shoot apices resemble the findings of other workers 
(Morel, 1964a,b; Jones and Vine, 1968; Vine and Jones, 1969; 
Earle and Langhans, 1974; Jacob, 1974). Shoot elongation was, 
however, stimulated only to a limited extent and tiny shoots 
bearing thin, malformed leaves resulted. 
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Jacobs (1970a) reported that the favourable effect of kinetin 
on leaf expansion in rose cv. Superstar was reduced by GA 3 • In 
the present investigation the activity cf ZR on shoot elongation 
and leaf expansion was enhanced when used in combination with 
GA34 provided GA 3 concentrations did not exceed 1 mg/l for 1-9. 
Singha (1980) and Zimmerman and Broome (1980) used cytokinins 
in combination with GA 3 for multiple _shoot production from de-
tached shoot apices of .pears and blackberries respectively. No 
inhibitory effects on axillary shoot growth or survival rates 
were reported. In the present investigation it was observed -
not shown in the results - that ZR alone, as well as in combina-
tion with GA 3 , did not promote axillary shoot production (even 
on shoots bearing several leaves) . The absence of axillary 
shoots with ZR treatments may be attributed to the shortened 
culture period of 18 days. Tendril formation in the presence 
of GA 3 was not influenced with combined applications of ZR. 
4.8.4 Cytokinin:Cytokinin effects 
The activity of BAP as well as ZR on shoot elongation and pro-
liferation of excised shoot apices cultured in vitro was enhanced 
when used in combination at certain ratios. Stimulation of 
shoot elongation in combinations of 0,5- 2 mg/l BAP with 
1-5 mg/l ZR is probably due to the favourable effect of ZR at 
relative high concentrations. Although shoot elongation was 
reduced with combinations of 1 mg/l BAP and 10 mg/l ZR in re-
lation to 1 mg/l BAP and 5 mg/l ZR, mass increased; however, 
not statistically significant. This may be attributed to an 
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The results of the present study clearly indicated that, although 
shoot proliferation was achieved with single applications of BAP 
(2 mg/l) and ZR (5 and 10 mg/l), interactions between the cyto-
kinins occur, especially discernible with a combination of 
2 mg/l BAP and 2 mg/l ZR. Inhibitory effects of BAP at 5 mg/l 
on both shoot elongation and proliferation could, however, not 
be alleviated with combined ZR treatments (1- 10 mg/l). 
4.8.5 Routine subculturing 
Cytokinin application in routine subculturing proved highly ef-
fective for multiple in vitro shoot production from a single ex-
cised apex. Although ZR at 10 mg/l resulted in lower quantities 
of proliferated shoots if compared with BAP (alone at 2 mg/l or 
in combination with 2 mg/l ZR), the morphological characteristics 
resembled those of the normal condition. It was indicated, how-
ever (Barlass and Skene, 1978, 1979), that once rooted, shoots 
produced with BAP in the medium developed into normal plants 
following passage through a "juvenile" phase (i.e. spiral phyl-
lotaxy and absence of tendrils) • With rapid propagation of 
grapevine clones as a goal, cytokinin application in routine 
subculturing of shoop clumps derived from shoot apices would be 
an effective tool. 
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SECTION 5 
ANATOMICAL RESPONSES TO CYTOKININS OF ABSCISED SHOOT APICES OF 
GRAPEVINES CULTURED IN VITRO 
5.1 Introduction 
60 
The anatomical structure of grapevine shoot apices and differen-
tiation pathways of vascular tissues in elongating shoots have 
been described by Branas, 1957; Hegedus, 1957; Thompson and 
Olmo, 1963; Tucker and Hoefert, 1968, Fournioux, 1972·and 
Pratt, 1974. 
With rapid propagation of grapevine in vitro it is of extreme 
importance that proliferated shoots derived from detached apices 
should lead to the production of genetically uniform plants. 
In general, multicellular organized shoot meristems are genetic-
ally highly stable (Murashige, 1974; Abbott, 1978; Hussey, 
1980). Although adventitious meristems may enable a substantial-
ly faster cloning rate than axillary shoot multiplication, 
wholly mutant propagules·may arise, due to growth from single 
or very small groups of cells (Hackett and Anderson, 1967; 
Malnassy and Ell~Son, 1970; Ben-Jaacov and Langhans, 1972; 
Murashige, -1977; Anderson, 1980; Hussey, 1980; Wang and Hu, 
1980; Allan, 1981a,b). 
Barlass and Skene (1978, 1980) and Barlass et al. (1981) demon-
strated with light and scanning' electron microscopy that shoots 
derived in vitro from fragmented grapevine shoot apices are ad-
ventitious in origin. In section 4 it was shown that shoot 
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proliferation derived from non-fragmented apices of Chenin was 
enhanced by the addition of cytokinins to nutrient media. 
This study was undertaken to investigate: (i) anatomical re-
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sponses of excised grapevine shoot apices to cytokinin applica-
tion in vitro and (ii) whether in vitro produced shoots are of 
axillary or adventitious origin. 
5.2 Procedure 
Excised shoot apices of Chenin were cultured as described in 
section 3. Anatomical responses of explants to BAP (2 mg/l); 
BAP + ZR (both at 2 mg/l) and ZR (10 mg/l) were studied at 
various intervals (days) after the start of culture. Control 
treatments lacked cytokinins. Sections were also prepared of 
shoot tips (5 mm) taken from elongating shoots on cane segments 
of Chenin. 
For light microscopy (LM), tissues were fixed in formalin-acetic 
acid-alcohol (FAA), infiltrated by means of a tertiary butanol-
paraffin wax procedure (Johansen, 1940) and sectioned with a 
rotating microtome. Sections (8,0 ~m) were stained utilising 
the tannic acid, safranine, fast-green technique (De Vos, 1974). 
Preparation of material for S'Canning electron microscopy (SEM) 
was according to Hayat (1974). In vitro produced shoots were 
fixed in 25% glutaraldehyde (pH 4) for 24 h at 4°C, washed 
thrice for 30 min periods in a 0,2 M sodium cacodylate buffer 
(pH 7,2) and dehydrated in a graded acetone-water series. The 
Stellenbosch University http://scholar.sun.ac.za
62 
material was then subjected to crytical-point drying with C0 2 
and sputter-coated with gold, after which it was studied with 
) 
an ISI- 1 OOA scanning electron microscope. 
5.3 Results 
The anatomical structure of the apical nodes of an elongating 
shoot of Chenin with initiation of leaf and tendril primordia 
and origin of axillary meristems is presented in Fig. 36. The 
apical meristem of the shoot (AMS) consisting of two tunica lay-
ers over a poorly defined corpus is shown in Fig. 37. A leaf 
primordium (L1) is initiated on the flank of the AMS by peri-
clinal divisions in the second layer. 
Culture media lacking cytokinins resulted in limited elongation 
of exised shoot apices. Serial sections obtained at 40 days 
after the start of culture showed leaf and tendril initiation 
on the flanks of the AMS (Fig. 38). However, subsequent 
development of the youngest leaves and tendrils was reduced. 
Primary vascularization was observed acropetally to No. 5 leaf 
bases (Fig. 39). Over the culture period of 45 days explants 
lacked initiation of axillary meristems. 
After 10 days' culture, shoot apices responded with marked 
elongation and concomitant leaf and tendril initiation to the 
\ 
range of cytokinins applied (Fig. 40). The typical discontinuous 
arrangement of tendrils of Vitis (exception ~- labrusca) persist-
ed. Sieve elements and spirally thickened vessels differentiated 
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at the base of leaf 3 (Fig. 41). The anatomical structure of 
the AMS of shoots resembled that of elongating shoots on 
established vines (Fig. 42). Procambial traces are well-marked 
(leaf 2). The youngest axillary meristem originated in the 
axil of leaf 3. 
In response to 2 mg/£ BAP, singly and in combination with 2 mg/l 
ZR, the apical part of the primary shoot increased in diameter, 
with the apical meristem less prominently elevated above the 
youngest tendril and axillary meristem at 20 days after the 
start of culture (Figs. 43, 44). After 25 days of culture, 
apical dominance was overcome, expressed by the ·strong develop-
ment of the axillary meristem nearest to the AMS (Fig. 45). 
Pronounced vascularization occurred. Sieve elements and spiral-' 
ly thickened vessels differentiated at the base of leaf 2 
(Fig. 46). 
Shoot clumps with several protruding shoots resulted at 35 days 
after the start of culture on media enriched with 2 mg/l BAP 
(singly and in combination with 2 mg/l ZR) (Figs. 47, 48). 
Light and scanning electron microscopy of clumps revealed that 
some shoot apical meristems appeared practically at one level 
with axillary meristems (Figs. 49, 50), or in a slight depression 
below it (Fig. 51). This phenomenon was especially discernible 
in response to applications of BAP at 2 mg/l. Once released 
from apical dominance, the apical meristem of the axillary shoot 
duplicated the pattern found in the main AMS and proceeded with 
initiation of leaves and axillary meristems (Fig. 52). Axillary 
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shoots, however, lacked tendril initiation. Subsequent elonga-
tion of axillary shoots in response to BAP (2 mg/t) alone was 
limited (Fig. 53). With a combination of BAP and ZR (both at 
2 mg/t) elongation of axillary shoots was slightly more pro-
nounced, with origination and subsequent development of axillary 
meristems at lower levels down the axes (Fig. 54). Leaf ex-
pansion on axillary shoots with the occurrence of abundant 
stomata is shown in Fig. 55. 
Although apical branching of proliferated shoots in response to 
2 mg/t BAP (singly and in combination with 2 mg/t ZR) was ob-
served at earlier stages during culture, it occurred at increas-
ed levels after 40 days (Fig. 56). The apical regions of many 
shoots became forked (Figs. 57, 58) with organized apical 
meristems. They elongated with subsequent initiation and de-
velopment of axillary meristems in leaf axils. However, in 
response to BAP (2 mg/t) alone, elongation of forked shoots was 
limited and coupled with a strong release of the youngest axil-
lary meristems from apical dominance (Fig. 59). In combination 
with ZR (2 mg/t) elongation was more pronounced with axillary 
meristems originating at slightly lower levels down the axes 
(Fig. 60). However, once released from apical dominance, 
development and growth of these axillary meristems followed the 
main AMS closely (Figs. 61, 62). Continuous axillary branching 
of proliferated shoots coupled with a strong release of axillary 
meristems from apical dominance gave rise to the formation of 
dense shoot clusters with numerous proliferating shoots (Fig. 63). 
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Excised shoots apices responded markedly to the application of 
ZR at high concentrations (10 mg/£). After 10 days• culture 
the anatomical structure of explants resembled that observed 
with 2 mg/£ BAP (singly and in combination with 2 mg/£ ZR). 
Marked elongation at 20 days after the start of culture with 
concomitant leaf initiation and origination of axillary meristems 
is shown in Fig. 64. Elongating shoots lacked tendril initiation. 
After 25 days• culture the AMS still appeared well elevated 
above the youngest defineable leaf and axillary meristem 
(Fig. 65). Axillary meristems nearest the AMS lacked active 
development and elongation. Primary vascularization proceeded 
strongly (base of leaf 3). Marked differentiation of sieve 
elements and spirally thickened vessels occurred (Fig. 66). 
After 30 days of culture, axillary meristems at lower levels 
down the axis of the primary shoot responded with pronounced 
development and elongation (Fig. 67). Proliferated shoots 
lacked any branching and resulted in shoot clumps of low dens-
ity, even at 40 days after the start of c~lture. However, they 
elongated rapidly and elicited long internodes. Stretching of 
xylem elements occurred as expressed by the uncoiling of 
spirals (Fig. 68) • 
5.4 Discussion 
The structure of the apical part of an elongating shoot of Chenin 
with leaf and tendril initiation, axillary meristem origination 
and primary vascularization agrees with descriptions of Hegedtis, 
1957; Thompson and Olmo, 1963; Tucker and Hoefert, 1968; 
Fournioux, 1972 and Pratt, 1974. 
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Results of the present investigation stress the dependency of 
detached grapevine shoot apices on the presence of an external 
source of cytokinin to elongate, with a concomitant production 
of leaves, each of which carries in its axil a replica of the 
main apex. Upon release from apical dominance, these axillary 
meristems were capable of producing their own axillary meristems. 
The potential of cytokinins to stimulate development and elonga-
tion of axillary meristems, thus inducing in vitro shoot multi-
plication, is in agreement with reports for other woody species 
{Abbott and Whiteley, 1976; Jones et al., 1977; Quoirin and 
Lepoivre, 1977; Tabachnik and Kester, 1977; Broome and Zirnrner-
man, 1978; Chaturvedi et al., 1978; Chen~, 1978). 
Shoots derived from fragmented grapevine shoot apices were ad-
ventitious in origin {Barlass and Skene, 1980; Barlass et al., 
1981). In the present investigation no evidence was found that 
proliferated shoots originated adventitiously. Dense shoot 
clusters were induced by the enhanced release of axillary meri-
stems from apical dominance, due to the application of BAP at 
2 mg/l alone, as well as in combination with 2 mg/l ZR. Axil-
lary meristems on these axillary shoots were subsequently re-
leased from apical dominance, thus giving rise to dense clusters 
with the main AMS occasionally encircled by developing axillary 
meristems. 
Branching of the apical parts of shoots protruding from these 
clusters could be traced to the strong release from apical 
dominance of axillary meristems nearest to the main AMS. Due 
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to strong development and elongation of these axillary meristems, 
fork-like branches resulted. Subsequent branching contributed 
to the formation of clusters of variable densities. Shoots pro-
duced with 10 mg/l ZR lacked any branching and elongated rapid-
ly. However, elongation of axillary meristems nearest to the 
main AMS was initially limited. Shoot clusters of low densities 
may be attributed to pronounced elongation of axillary meristems 
at lower levels down the axes. 
Explants cultured on cytokinin-enriched. media proceeded with 
vascularization according to the pathways as described for grow-
ing shoot tips of established vines (Hegedus, 1957; Fournioux, 
1972; Pratt, 1974). In the present investigation a tendency 
for sieve elements and vessels to differentiate at levels near-
er to the main AMS was observed, especially in shoot clumps of 
high densities. 
It is concluded that proliferated shoots derived from non-
fragmented grapevine shoot apices is of axillary origin. Ap-
plications of BAP at 2 mg/l, alone or in combination with 
2 mg/l ZR, resulted into more pronounced overcoming of apical 
dominance than 10 mg}l ZR. 
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Fig. 36 - Apical nodes of elongating shoot from a can.e segment 
of Chenin showing apical meristem (AM), leaf (L) and 
tendril (T) primordia and axillary meristems (Ax M) . 
(Numbers indicate basipetal sequences). (LM x 64). 
/ 
Fig. 37 - Shoot apex in Fig. 36 enlarged to show apical meri-
stem (AM), 2-layered tunica (Tu), corpus (Corp), rib 
meristem '(RM), diaphram (D), leaf initiation (L1) and 
leaf (L) and tendril (T) primordia. (LM x350). 
Fig. 38 - Shoot apex of Chenin after 40 days of culture on media 
lacking cytokinins showing apical meristem (AM), 2-
layered tunica (Tu), corpus (Corp), leaf initiation (L1) 
and leaf (L) and tendril (T) primordia. (LM x 21 0). 
Fig. 39 - Apical part of shoot in Fig. 38. Arrow indicates 
primary vascularization acropetally to No. 5 leaf base. 
(LM X130). 
Fig. 40 - Elongation, subopposite initiation of leaf (L) and 
tendril (T) primordia and origination of axillary 
meristems (Ax M) on shoot derived from apex of Chenin 
after 10 days' culture on cytokinin-enriched media. 
Arrow indicates primary vascular differentiation. 
(LM X 8 7) • 
Fig. 41 - Differentiation of sieve elements (S) and spirally 
thickened vessels (V) at the base of leaf 3 (Fig. 40) 
after 10 days' culture of shoot apices of Chenin on 
cytokinin-enriched media. (LM x 4 90) . 
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Fig. 42 - Shoot apex as in Fig. 40 at 10 days after the start of 
culture on cytokinin-enriched media showing the apical 
meristem (AM), 2-layered tunica (Tu) , . corpus (Corp), 
leaf buttress (Lb), . leaf (L) and tendril (T) primordia 
and origination of axillary meristem (Ax M) in the axil 
of leaf 3. Arrow indicates procambial traces (leaf 2). 
(LM X 21 0) • 
Fig. 43- Apical part of shoot derived from .apex of Chenin at 
20 days after the start of culture on media containing 
2 mg/l BAP. Light micrograph (LM) showing increase in 
diameter of stem part and apical meristem (AM) less 
prominently elevated above the youngest tendril (T) 
and axillary meristem (Ax M). (LM x 87). 
Fig. 44 - Shoot apex in Fig. 43 showing tendril (T) primordium 
and leaf (L) initiation on the flank of the apical 
meristem (AM). Arrow indicates leaf initiation on 
the flank of the axillary meristem (Ax M) . (LM X 21 0) • 
Fig. 45 - Apical part of shoot derived from apex of Chenin after 
25 days' culture with 2 mg/l BAP. Light micrograph 
(LM) showing leaf (L) and tendril (T) primordia and 
the overcoming of apical dominance as expressed by 
the strong development of the axillary meristem (Ax M) 
nearest to the apical meristem (AM) . Arrows indicate 
leaf primordia on the axillary meristem (Ax M) . 
Vascularization (Vs) proceeded strongly (base leaf 2). 
(LM X 1 0 5) • 
Fig. 46 - Differentiated sieve elements (S) and spirally thick-
ened vessels (V) at the base of leaf 2 in Fig. 45. 
(LM X 250) . 
Fig. 47 - Part of shoot clump derived from shoot apex of Chenin 
at 35 days after the start of culture on media con-
taining 2 mg/l BAP, showing protruding shoots (PS). 
(LM X 87) . 
Fig. 48 - Part of shoot clump as in Fig. 47 showing protruding 
shoots (arrowed). (SEM x25). 
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Fig. 49 - Proliferated shoot in clump as in Figs. 47 and 48 
showing apical meristems (AM) to appear practically at 
one level with axillary meristems (Ax M). (LM x135). 
Fig. 50 - Proliferated shoot in clump as in Fig. 47 showing axil-
lary meristem (Ax M) at the same level with the apical 
meristem (AM). (SEM •x180). 
Fig. 51 - Proliferated shoot in clump showing shoot apical meri-
stem (AM) in a slight depression below developing axil-
lary meristem (Ax M). (LM x140). 
Fig. 52 - Apical part of axillary shoot once released from apical 
dominance with 2 mg/l BAP, showing leaf (L) initiation, 
origination of axillary meristem (Ax M) as well as the 
occurrence of stomata (St) and the development of tri-
chomes (Tc) from epidermal cells on leaf 2. (SEM x 180). 
Fig. 53 - Axillary shoot once released from apical dominance with 
BAP (2 mg/l) showing leaf (L) primordia and origination 
of axillary meristems (Ax M). (LM X 95). 
Fig. 54 - Axillary shoot once released from apical dominance with 
2 mg/l ZR plus 2 mg/l BAP in the medium, showing the 
apical meristem (AM) and leaf (L) primordia. Asterix 
indicates leaf initiation on the flank of the apical 
meristem (AM). Elongation is more pronounced with 
origination and subsequent development of axillary 
meristems (Ax M) at lower levels down the axis. 
(LM X 80) . 
Fig. 55 - Leaf expansion on proliferated shoots. Arrows in-
dicate the occurrence of stomata. (SEM x 60). 
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Fig. 56 - Branching of proliferated shoots (arrowed) in response 
to 2 mg/l BAP, alone or plus 2 mg/l ZR at 40 days after 
the start of culture. (SEM x 20). 
Fig. 57 - Forking of apical regions of shoots with gradually 
organized apical meristems (AM) after 40 days of culture 
on media containing 2 mg/l BAP alone. (LM x 82). 
Fig. 58 - Forking of apical regions of shoots as in Figs. 56 and 
57. The apical meristem (AM) of the shoot on the left 
is concealed by leaf (L) primordia. Axillary meristem 
(Ax M) with leaf primordium occurred in the axil of 
leaf 2 (shoot on the left). The apical meristem (AM) 
of the shoot on the right is well organized and pro-
ceeded with initiation of leaf (L) primordia. (SEM x70). 
Fig. 59- Limited elongatio~ of shobt~ · after for~ing at 40 days 
after the start of culture in response to BAP (2 mg/l). 
Well organized apical meristems (AM) are coupled with 
a strong release of axillary meristems (arrowed) from 
apical dominance. (LM x 87). 
Fig. 60 - More pronounced elongation of shoots after forking with 
combinations of BAP and ZR (both at 2 mg/l) at 40 days 
after the start of culture. Axillary meristems (arrow-
ed) originated at lower levels down the axes. (LM x95). 
Fig. 61 - Once released from apical dominance the axillary 
meristems (Ax M) follow the main apical meristem (AM) 
closely. (LM x 87). 
Fig. 62 - Apical part of axillary shoot as in Fig. 61. The 
apical meristem (AM) is concealed by leaf (L) primordia. 
Arrows indicate axillary meristems. Initiation of 
leaf primordium (Lp) occurs on the flank of the axil-
lary meristem in axil of leaf 5. (SEM x 70). 
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Fig. 63 - Part of dense shoot clump derived from apex of Chenin 
at 40 days after the start of culture on media enrich-
ed with BAP, singly at 2 mg/l as well as in combina-
tion with 2 mg/l ZR. Arrows indicate proliferating 
shoots. (LM x 35). 
Fig. 64 - Marked elongation of shoots derived from apices of 
Chenin after 20 days' culture on media enriched with 
I 
10 mg/l ZR. Origination of axillary meristems (Ax M) 
in leaf (L) axils occurs at lower levels down the 
axes. Note absence of tendrils. (LM X 4 0) • 
Fig. 65 - Shoot apex after 25 days' culture on media enriched 
with 10 mg/l ZR, showing apical meristem (AM), 2-
layered tunica (Tu) , corpus (Corp) , leaf buttress (Lb) , 
leaf (L) primordia and primary vascularization (arrow-
ed) . The youngest axillary meristem (Ax M) differ-
entiated in axil of leaf 3. (LM x 140). 
Fig. 66 - Differentiated sieve elements (S) and spirally thick-
ened vessels (V) at base of leaf 3 in Fig. 65. 
(LM X 220). 
Fig. 67 - Pronounced development and elongation of axillary 
meristem (Ax M) in axil of leaf 4 after 30 days of 
culture on media enriched with ZR at 10 mg/l. 
(LM X 8 7) • 
Fig. 68 - Stretching of xylem elements as expressed by the un-
coiling of spirals (arrowed) in response to 10 mg/l ZR. 
(LM X 520) • 
/ 
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SECTION 6 
RESPONSES OF SMALL (~ 0,2 mm) DETACHED GRAPEVINE SHOOT APICES 
CULTURED IN VITRO 
6.1 Introduction 
68 
Successful culturing of small detached shoot apices (<1 mm) was 
reported in some woody plant species (Abbott and Whiteley, 1976; 
Quoirin and Lepoivre, 1977; Tabachnik and Kester, 1977; Chatur-
vedi et al., 1978). In vitro growth of very small excisions 
(0,2 mm) of non-fragmented·grapevine shoot apices was first des-
cribed by Aldwinckle and Buturac (1980). The ~atter report, 
however, did not indicate whether initial explant growth was de-
pendent on the presence of leaf primordia and whether discolour-
ation (browning).of such small excisions was experienced on the 
high salt (RM-62) medium of Murashige and Skoog (1962). 
It was shown (sections 4 and 5) that growth responses of ex-
cised apices (0,7- 1 mm) cultured in vitro was enhanced by ZR. 
This experiment was conducted to investigate the effect of ex-
plant size (including excisions <0,2 mm) on successful cultur-
ing. 
6.2 Procedure 
Unless otherwise stated, details of procedure were as outlined 
earlier (3.1, 3.2, 3.3) using Chenin.· 
Hypodermic needles were used as microscalpels for the isolation 
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of explants. Excisions of shoot apices included the following: 
(1) apical dome excluding adjacent leaf or tendril primordia 
(0,1- 0,2 mm); (2) apical dome plus the first defineable.leaf 
primordium (0,2 mm); (3) apical dome plus 1-2 leaf primordia 
(0,5 mm), and (4) apical dome plus 2-3 leaf primordia (0,7-
0,8 mm). Excised apices (1 mm) containing 2- 4 leaf primordia 
were used as the control (5). Cultures were treated with 
10 mg/l ZR. 
A thin layer of sterile distilled water (1 ml) was added as a 
standard procedure to the surface of the solidified medium in 
each tube after it was observed in preliminary experiments that 
browning of small excisions . ( 0, 1 - 0, 2 mm) could be successfully 
eliminated with such a manipulation. On transfer to the medium 
the needle carrying the explant was dipped into the water, leav-
ing the latter adrift (Fig. 69). 
Individual isolated apex sizes included three replications of 
10 explants each and the experiment was terminated after 55 days. 
Recordings were made of (a) percentages of explants that respond-
ed with growth; (b) shoot elongation (length of primary shoots) 
and (c) shoot proliferation (number of newly formed axillary 
shoots exceeding 3 mm in length) • Data were subjected to anal-
ysis of variance followed by Duncan's multiple range test 
(Snedecor and Cochran, 1967). 
6.3 Results and Discuss~ons 
Larger explants (0,5- 1 mm) responded with marked shoot elonga-
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tion at 12 days after the start of culture. For smaller ex-
plants (0,1- 0,2 mm) growth proceeded at a much slower rate. 
Pronounced enlargement occurred after 30 days of culture 
(Fig. 70). Once commenced, elongation proceeded rapidly, ir-
respective of initial explant size (Figs. 71, 72). However, 
elongation slowed down slightly upon the release of axillary 
shoots from apical dominance. This was especially discernible 
with larger explants. The layer of fluid, which evaporated 
after 20- 25 days of culture, presented no harmful effects. 
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The effect of explant size on growth percentage is presented in 
Fig. 73. Lowest percentages were recorded for explants contain-
ing apical domes only. Increases in explant sizes (up to 
0,2 mm) resulted in a significant rise in growth percentages. 
A small number (10%) of larger explants (0,5 mm) did not respond 
with active growth. They enlarged to about twice their original 
sizes within 35 days and then ceased in further growth. Growth 
occurred in all cultures (100%) containing initial explants 
measuring 0,7-0,8 mm and 1 mm. 
Primary shoot elongation was influenced by initial explant sizes 
(Fig. 74a). Maximum elongation resulted in explants that con-
tained two and more leaf primordia. Highest numbers of pro-
liferated shoots (>3 mm) were achieved with explants of 1 mm 
(Fig. 74b). Although proliferation rates decreased in culturing 
smaller explants (0,5- 0,7 mm), they were not significantly 
lower than those recorded for the control. Lower growth per-
centages and an initial delay in prima~y shoot elongation ac-
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counted for significantly lower shoot proliferation of small 
excisions of shoot apices (0,1- 0,2 mm). Although culturing 
explants containing apical domes only resulted in limited shoot 
elongation and proliferation, even after 55 days, the results 
clearly indicate that initial growth was not entirely dependent 
on the presence of leaf primordia. 
Aldwinckle and Buturac (1980) reported growth of excised apices 
( 0, 2 mm) with combined applications of BAP and NAA.. After 100 
days of culture that included several transfers to fresh media, 
shoots, 3- 4 mm in length, were produced. Numbers of. newly 
formed shoots were not indicated. In the present investigation 
ZR appeared much more effective in stimulating growth (shoot 
elongation, proliferation and growth percentages) of explants 
with similar dimensions. 
Explants (0,1- 0,5 mm) that failed to grow or exhibited low growth 
percentages remained greenish in colour, even after 55 days. 
The layer of water on the agar surface provided a gradual ex-
posure of the delicate tissues to the high salt concentration 
in the medium, which might have been the main cause for browning 
and dying of explants in preliminary experiments. Drying out 
of the medium, with subsequent increases in concentrations of 
nutrients was also delayed. In addition, such a layer of fluid 
may facilitate an effective dispersal of toxic metabolic wastes, 
should the latter be released by the cultured tissues. 
The low rates of success in culturing apical domes only may 
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lead to the question whether it would be worthwhile to start 
a propagation system with such small explants. Due to the 
potential of cytokinins in enhancing axillary shoot production 
in subsequent transfers to fresh media it is concluded that such 
a technique is of considerable practical value. 
Stellenbosch University http://scholar.sun.ac.za
Fig. 69 ~ Thin layer of sterile distilled water added to the 
surface of the solidified medium (arrowed). On trans-
, fer to the medium explants remained adrift. 
Fig. 70 - Explant growth after 30 days of culture with 10 rrg/.t ZR. 
Fig. 71 - Primary shoot elongation at 45 days after the start 
of culture. 
Fig. 72 - Shoot elongation at 55 days after the start of culture. 
Arrows indicate axillary shoot growth. 
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SECTION 7 
"rNACTIVATION OF GRAPEVINE FANLEAF VIRUS DISEASE (GFLV) BY HEAT 
TREATMENT OF APICAL REGIONS OF RAPIDLY ELONGATING SHOOTS OF 
POTTED PLANTS ONLY AND OF SHOOTS WITHOUT ROOTS GROWN IN VITRO 
7.1 Introduction 
73 
The most common virus inactivation procedures comprise heat 
treatment of entire potted vines, after which young shoot tips 
are propagated (Goheen et al., 1965; Nyland and Goheen, 1969; 
Goheen and Luhn, 1973; Bovey, 1980; Stellmach, 1980a,b). Re-
ports are lacking on the application of heat treatment to certain 
regions only of virus-infected vines. Experiment A of this 
section was conducted to investigate the inactivation rate of 
GFLV by the application of heat to apical regions of elongating 
shoots only. 
In employing fragmented shoot apex culture, Barlass et al. (1982) 
obtained plants cured from the graft-transmissible diseases leaf-
roll, yellow speckle, fleck and summer mettle. The latter tech-
nique, in combination with heat therapy of the cultures, also 
proved effective for the inactivation of GFLV (Barlass et al., 
1982). Experiment B of this section was conducted to investigate 
the effect of heat treatment during in vitro culture of non-
fragmented shoot apices on growth responses and GFLV inactiva-
tion. 
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7.2 Procedure 
7.2.1 Source of infected material 
Material was sampled from a y_. rupestris cv. Rupestris du Lot 
vine, showing typical fanleaf symptoms. 
7.2.2 Heat chamber 
74 
All treatments were conducted in a transfer chamber as described 
previously (3.6.2). Heat was provided by thermostatically con-
trolled incandescent lamps. The temperature within the chamber 
was maintained at 37- 40°C during the day and 22- 25°C during 
the night. 
7.2.3 Detection of GFLV 
An Enzyme-Linked Irnrnunosorbent Assay (ELISA) test in accordance 
with the procedure outlined by Clark and Adams (1977) was ap-
plied to detect GFLV in leaf and shoot extracts. 
One hour after adding the substrate (p-nitrophenyl phosphate) 
the photometric absorbance of each well was read at 405 nm with 
a Titertek Multiscan from Flow. Readings were judged to be 
positive if the average A405 of a test sample exceeded the A405 
of the healthy control sample in the same test plate by a factor 
of two or more (Voller et al., 1977). In each plate tests were 
replicated five times. Healthy and GFLV-infected grapevine leaf 
samples and buffer controls were included in each plate. 
7.2.4 Experiment A 
The establishment and maintenance of infected vines were described 
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earlier (3.6.1). At least 50 actively growing vines showing 
severe fanleaf symptoms, were selected. From these, shoot tips 
(15 mm), middle and basal leaves were sampled at random and 
tested with ELISA. Candidate .vines for heat therapy were placed 
underneath the chamber and the elongating shoots guided through 
the holes in the perspex to reach the inside (Fig. 1). 
After 30 days of heat treatment test samples (same as those 
prior to heat treatment) were removed from shoot regions inside 
the chamber and subjected to the ELISA test. The shoots were 
afterwards cut off at 10 cm above the perspex bottom. This pro-
cedure was repeated after 60, 90 and 120 days. At each of these 
intervals (starting at 30 days) newly developed leaves that had 
received no heat treatment (those below the chamber) were also 
subjected to ELISA. Throughout the duration of treatments, root 
systems were at room temperature (20- 25°C). 
7.2.5 Experiment B 
The procedure for the activation of shoot primordia from dormant 
canes and excision of shoot apices (0,5 mm) were outlined earlier 
(3.1). Prior to heat treatment, explants were cultured in the 
presence of 10 mg/R. ZR under conditions as described previously 
(3.2, 3.3). After 40 days cultures were removed from test tubes, 
shoot apices (0,5 mm) excised and the remaining clumps tested 
with ELISA. 
Upon excision, apices were transferred to fresh ZR-enriched 
media and subjected to heat therapy in the chamber under the 
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following conditions: (1) culturing under ordinary light con-
ditions (fluorescent tubes of low intensity in laboratory) and 
(2) culturing under dark conditions (complete wrapping of test 
tubes in tin-foil). A third treatment consisted of initial 
culturing with 2 mg/l GA 3 for six days after which apices (0,5 
mm) were excised again and transferred to the ZR-enriched medium 
(ordinary light conditions). Each treatment consisted of 10 
cultures. This procedure was repeated at 30, 60, 90 and 120 
days after the start of heat treatment. At each interval shoot 
clumps (after apices had been excised) were subjected to the 
ELISA test. 
7.3 Results and Discussion 
7.3.1 Experiment A 
The results are presented in Fig. 75. 
Prior to heat treatment the virus content of samples of shoot 
tips (15 mm) exceeded that of leaves taken from the middle or 
basal parts of shoots. Once exposed to heat, shoot elongation 
proceeded rapidly. After 10 days newly formed leaves were 
visually free of fanleaf symptoms in contrast to older leaves 
on the same vine. 
After 30 days of heat treatment, shoot tips (15 mm) reacted 
negatively to the presence of GFLV whilst middle and basal 
leaves were still ELISA positive. The virus thus eliminated 
firstly in those parts of the plant that exhibited strong growth 
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responses while being heat treated. This is in agreement with 
reports of Stellmach (1980a). 
77 
Removal of apical regions of shoots induced vigorous sprouting 
and growth of lateral shoots. After 60, 90 and 120 days re-
spectively, shoot tips and leaves on these laterals reacted 
negatively to the presence of GFLV. Throughout the duration of 
the experiment, untreated leaves (below the perspex) showed 
typical fanleaf symptoms and tested highly positive with ELISA. 
The present investigation showed that high temperatures were ef-
fective in inactivating GFLV in treated regions of infected 
plants. The virus was not inactivated in the whole plant, as 
shown by ELISA tests for untreated regions. 
The construction and maintenance of successfully operating heat 
chambers (after the model of Kriedemann et al. 1976) are highly 
expensive and mostly available only to highly sophisticated 
institutes and nurseries. The system described above was 
operated for 240 days without deterioration in the growth of 
vines. Due to its simplicity, low cost and efficiency as re-
gards the inactivation of GFLV, the described system may have a 
wider application. 
7.3.2 Experiment B 
The results are summarised in Figs. 76 - 79. 
In the presence of ZR, in vitro heat treatment resulted in 
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rapid growth of GFLV-infected shoot apices (Figs. 76, 77). In 
previous sections (4, 5 and 6) excised apices responded to ZR 
with marked shoot elongation and proliferation. However, these 
results had been achieved under high light intensities (3500 lux) 
and at temperature regimes of 25- 27°C. In the present invest-
igation the above growth responses were stimulated to a high ex-
tent by fluctuating temperatures (up to 40°C) irrespective of 
sub-optimal light intensities. Rapid elongation was especially 
discernible in etiolated shoots (Fig. 78). Initiation of ad-
ventitious buds from fragmented apices was enhanced at a con-
stant high temperature (35°C), whilst at 38°C apical fragments 
quickly browned and died (Barlass et al., 1981). In the present 
investigation fluctuating temperatures (up to 40°C) clearly 
stimulated growth of non-fragmented shoot apices. 
Within 30-day intervals shoot clumps responded with submerged 
callus growth. A compact, nodular callus tissue resulted. Al-
though no roots were initiated, shoot clumps survived to a great 
extent without any browning or deterioration of tissues. 
After 30 and 60 days, proliferated shoots reacted positively to 
the presence of GFLV with the ELISA test (Fig. 79). The virus 
content of samples was, however, much lower after 60 than after 
30 days. After 90 and 120 days, etiolation as well as initial 
culturing with GA 3 resulted in complete inactivation of GFLV. 
In the presence of 10 mg/l ZR at ordinary light conditions the 
virus was inactivated after 120 but not 90 days. The results 
clearly indicated that the inactivation rate of GFLV increased 
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with treatments that primarily stimulated shoot elongation. 
Barlass et al. (1982) succeeded in inactivating GFLV from in-
fected vines by culturing fragmented shoot apices at a high 
temperature (35°C). They also confirmed the presence of fanleaf 
in the youngest leaf primordia at the apex and suggested that, 
as culturing at 27°C was unable to inactivate GFLV in apical 
fragments, its replication appeared to be temperature-dependent. 
This investigation showed that GFLV was present in non-fragmented 
shoot apices (0,5 mm) of infected vines. The virus was eliminat-
ed by heat treatment (37- 40°C during the day and 22- 25°C dur-
ing the night) of excised apices (0,5 mm) grown in vitro with-
out roots. 
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Fig. 75 - Grapevine fanleaf virus (GFLV) concentration in shoot tip 
and leaf extracts of infected ~- rupestris cv. Rup. du Lot 
after different periods (days) of heat treatment of apical 
regions of elongating shoots only, as determined by ELISA. 
A = shoot tips, B = middle leaves, C = basal leaves, D = 
healthy material (control) and E = untreated leaves. 
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Fig. 76 - Growth of excised shoot apices of GFLV-infected Rup. 
du Lot during heat treatment in vitro with 10 mg/l ZR. 
Photographed 10 days after transfer to fresh media. 
Fig. 77 - Shoot elongation and proliferation of explant in 
Fig. 76 at 20 days after transfer to fresh media con-
taining 10 mg/l ZR. 
Fig. 78 - Rapid elongation of etiolated shoots during heat 
treatment in vitro. Photographed 20 days after trans-
fer of excised shoot apices to fresh media. 
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Stellenbosch University http://scholar.sun.ac.za
80 
SECTION 8 
SUMMARY 
8.1 Responses of shoot apices of grapevines cultured in vitro 
Excised shoot apices (0,75- 1 mm) of Chenin blanc and of the 
rootstock cross us 1-9 were cultured in vitro on the high salt 
(RM-62) medium of Murashige and Skoog (1962), amended with myo-
inositol, sucrose and various growth substances. Morphological 
and anatomical responses of explants cultured in vitro were in-
vestigated. 
8.1.1 Effect of cytok~nins 
Cytokinins were tested at concentrations ranging from 0- 20 mg/l. 
Primary shoot elongation, leaf expansion and axillary shoot 
growth (proliferation) were stimulated by 6-benzylaminopurine 
(BAP), kinetin, zeatin and zeatin riboside (ZR) although kinetin 
was significantly less effective. ZR appeared the most favour-
able for elongation of primary as well as axillary shoots once 
the latter were released from apical dominance. Although BAP 
proved the most effective in overcoming of apical dominance, 
elongation of newly formed shoots was suppressed. This gave 
rise to tfie formation of dense shoot clusters bearing atypical 
leaves. Optimal levels for these effects varied greatly between 
the different cytokinins. 
8.1.2 Effect of cytokinin:auxin combinations 
Combined applications of kinetin (0,1 - 8 mg/l) with indole-
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3-acetic acid (IAA) (0,5- 16 mg/l), 1-naphthaleneacetic acid 
(NAA) (0,1- 8 mg/l) or indole-3-butyric acid (IBA) (0,1- 8 mg/l) 
and of 6-benzylaminopurine (BAP) (0,5- 3,5 mg/l) or zeatin 
riboside (ZR) (1- 10 mg/l) with NAA (0,1- 5 mg/l) were tested. 
Kinetin-induced shoot elongation and leaf expansion were sup-
pressed in decreasing order of activity by NAA, IBA and IAA. 
However, in combination with the latter auxin, kinetin effects 
were slightly enhanced provided IAA concentrations were kept at 
low levels. Stimulatory effects of BAP and ZR on shoot elonga-
tion were strongly suppressed by NAA. 
Combined applications of kinetin with IAA, NAA or IBA were in-
effective in inducing shoot proliferation. Stimulatory effects 
of BAP on shoot proliferation were suppressed in the presence 
of NAA. Proliferation rates were, however, stimulated by an 
interaction between ZR and NAA in the cv. Chenin blanc, provided 
NAA levels did not exceed 0,1 mg/l. 
Of the auxins tested, only NAA gave rise to callus growth at the 
basal cut surfaces of explants. No callus initiation occurred 
in the presence of cytokinins alone. In the presence of both 
cytokinin and auxin, callus growth was greatly affected by the 
ratio between these two growth substances. However, this did 
not apply to all treatments as with KIN:IAA combinations no 
callus growth occurred. Although in the majority of treatments 
more callus growth occurred with moderate concentrations of 
cytokinin and auxin in combination than with either high cyto-
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kinin/auxin or high auxin/cytokinin ratios, the results varied 
considerably. In addition, the cv. US 1-9 responded to a much 
higher degree with callus growth than Chenin blanc to the applied 
cytokinin:auxin ratios. 
Rooting was suppressed in the presence of auxin and cytokinin 
alone. With combined applications of these growth regulators 
rooting occurred only in Chenin blanc. Although more roots re-
sulted from the application of lower NAA levels combined with 
higher ZR concentrations, root elongation was suppressed. Sup-
pressive effects of NAA on root elongation were not overcome by 
ZR treatments, even at 10 mg/l. 
8.1.3 Effect of cytokinin:gibberellin combinations 
Combined applications of ZR (1- 10 mg/l) and gibberellic acid 
(GA 3 ) (0,5- 10 mg/l) were tested. Gibberellin-induced shoot 
elongation and leaf expansion was stimulated by ZR. Inhibitory 
effects of GA 3 (even at 0,5 mg/l) on the release of axillary 
meristems from apical dominance were not alleviated in the pres-
ence of ZR (even at 10 mg/l). 
8.1.4 Effect of cytokinin:cytokinin combinations 
Combined applications of BAP (0,5- 5 mg/l) with ZR (1- 10 mg/l) 
were tested. If supplied separately, maximum shoot elongation 
and proliferation resulted with BAP at 2 mg/l or with ZR at 
10 mg/l. Both processes were inhibited by BAP at 5 mg/l. 
Addition of ZR (even at 10 mg/l) failed in cancelling this in-
hibition. Optimal shoot proliferation resulted from application 
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of these cytokinins in combination, provided BAP levels did not 
exceed 2 mg/.i. 
8.1.5 Effect of cytokinins in routine subculturing 
Shoots derived from excised apices of Chenin were repeatedly 
transferred to media containing different concentrations of BAP 
and ZR. Optimal shoot proliferation over five subcultures re-
sulted with a combination of the cytokinins, each at 2 mg/.i. 
Shoots produced with 10 mg/.i ZR alone elongated rapidly, were 
slim and erect, with almost normal leaves. In the presence of 
BAP at 2 mg/.i alone and in combination with low concentrations 
of ZR (2 mg/.i), proliferated shoots were thicker, often branched, 
less elongated, curved and not uniform in size. Leaves were 
atypical. Cytokinin application in routine subculturing proved 
highly effective in the production of large numbers of grapevine 
clones. 
8.1.6 Anatomical responses 
Responses of explants of Chenin blanc to different cytokinin 
treatments were studied at various intervals (days) after the 
start of culture, using light and scanning electron microscopy 
( SEM) • 
Results clearly indicated that in vitro produced shoots were of 
axillary origin. Shoot clusters were induced by the enhanced 
release of axillary meristems from apical dominance, due to the 
application of BAP at 2 mg/.i as well as in combination with 
2 mg/.i ZR. Axillary meristems on these axillary shoots were 
Stellenbosch University http://scholar.sun.ac.za
84 
subsequently released from apical dominance, thus giving rise 
to clusters of high densities. Shoot clusters with ZR alone at 
10 mg/l were less dense, probably due to an initial delay in 
elongation of axillary meristems nearest to the main apical 
meristem of the shoot (AMS). However, elongation of axillary 
meristems at lower levels down the axes proceeded strongly in 
the presence of 10 mg/l ZR. Application of BAP resulted in more 
pronounced release of axillary meristems from apical dominance 
than with ZR. 
8.1.7 Effect of explant size on successful cul~uring 
Small excisions (0,1- 1 mm) of shoot apices of Chenin blanc were 
cultured in vitro on ZR-enriched media. Growth responses were 
highly influenced by explant size. Lowest growth percentages 
resulted with explants containing apical domes only (0,1 mm). 
The latter excisions were, however, independent of the presence 
of leaf primordia in responding with primary shoot elongation. 
In larger explants (~0,2 mm) growth responses were enhanced. 
8.2 Inactivation of grapevine fanleaf virus disease (GFLV) 
8.2.1 Heat treatment of apical regions of elongating shoots of 
potted plants only 
A transfer chamber, equipped with thermostatically controlled 
incandescent lamps, was used as heat chamber. Discontinuous 
heat treatment (37- 40°C during the day and 22- 25°C during the 
night) was applied to apical regions of elongating shoots only 
of vines of Rupestris du Lot infected with GFLV. Root systems 
were kept at room temperature. An Enzyme-Linked Immunosorbent 
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Assay (ELISA) test was used to detect GFLV in material at 30-day 
intervals after the start of heat treatment. 
Heat treatment induced marked elongation of primary as well as 
lateral~shoots inside the chamber. After 30 days, newly formed 
shoots and leaves reacted negatively to the presence of GFLV 
with the ELISA test. The system was operated for 240 days with-
out diminished shoot growth. Throughout the duration of treat-
ments leaves on elongating laterals on the outside of the chamber 
showed typical fanleaf symptoms and tested highly positive with 
ELISA. The results indicated that high temperatures were effect-
ive in the inactivation of GFLV from treated regions of infected 
vines. 
8.2.2 Heat treatment of shoots without roots grown in vitro 
Responses of excised shoot apices of Rupestris du Lot infected 
with GFLV to heat therapy in vitro were investigated. Daily 
cycles of high (37- 40°C) and low (22- 25°C) temperatures were 
effective in promoting shoot elongation and proliferation in 
the presence of 10 mg/£ ZR. It was demonstrated that dis-
continuous heat therapy succeeded in the inactivation of GFLV 
in proliferated shoots. Treatments that induced active shoot 
elongation of explants were more efficient in inactivating the 
virus. 
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APPENDIX 1.1- The effect of different concentration ratios of kinetin and indole-
3-acetic acid (IAA) on shoot elongation, total shoot,mass, leaf ex-
pansion and percentages of explants with expanded leaves derived 
from shoot apices of Chenin blanc cultured in vitro 
Treatment 
(mg/.t) 
KIN IAA 
0,0 0,0 
0,0 0,5 
010 1 10 
0,0 2,0 
0,0 4,0 
o,o 8,0 
0,0 16,0 
0,25 0,0 
0,25 0,5 
0125 1 ,o 
0,25 2,0 
0,25 4,0 
0,25 8,0 
0,25 16,0 
0,5 0,0 
0,5 0,5 
015 1 10 
0,5 2,0 
015 4 10 
0,5 8,0 
0,5 16,0 
1,0 0 ,o 
1 10 015 
1 ,o 1 ,o 
1 10 210 
1 10 4 10 
1 10 8 I 0 
1 10 1610 
2,0 0,0 
2,0 0,5 
210 1 10 
2, 0 2, 0 
2,0 4,0 
2,0 8,0 
2, 0 16 ,o 
4,0 0,0 
4,0 0,5 
4 ,o 1 ,o 
4,0 2,0 
4 r 0 4 10 
4,0 8,0 
4,0 16,0 
8,0 0,0 
8,0 0,5 
8 ,o 1, 0 
8,0 2,0 
8,0 4,0 
8,0 8,0 
8,0 16,0 
Elongation 
(mm) 
3,29 n 
3, 76 mn 
4,29 lm 
4,96 jkl 
5,00 ijkl 
5,02 ijkl 
4,67 kl 
5,01 ijkl 
5,03 ijkl 
5,59 g-k 
5,79 c-j 
5,85 c-j 
5,92 b-j 
5,13 h-1 
5,34 hijk 
5,62 f-k 
5,76 d-j 
5,80 c-j 
5,90 b-j 
5,93 b-j 
5,47 hijk 
5,62 f-k 
5172 d-j 
5,79 c-j 
5,96 b-j 
6,04 a-j 
6,13 a-i 
5,67 e-k 
5,75 d-j 
5,96 b-j 
6,17 a-h 
6,18 a-h 
6,20 a-h 
6,23 a-h 
5,95 b-j 
6,68 a-g 
6,70 a-g 
6, 70 a-g 
6, 74 a-f 
6,77 a-f 
6,80 a-e 
5,98 b-j 
6,84 abed 
6,85 abed 
6,91 abc 
6,93 abc 
7,07 a 
6,99 ab 
6,03 a-j 
Shoot mass 
(mg) 
9,83 k 
11 123 jk 
11 141 jk 
12,32 hijk 
16,94 hijk 
17,25 hijk 
11 ,61 ijk 
12,62 hijk 
12,87 hijk 
15,59 hijk 
16,95 hijk 
16,97 hijk 
17,29 hijk 
13,05 hijk 
16,59 hijk 
17,62 hijk 
17177 hijk 
17,90 hijk 
18,32 hijk 
18,56 hijk 
16,67 hijk 
18,39 hijk 
18,50 hijk 
23,15 hijk 
24 1 17 ghij 
25,47 fghi 
25,75 fgh 
17,33 hijk 
33,90 efg 
34,37 efg 
34,97 ef 
39,43 cde 
40,43 cde 
40,46 cde 
36,59 de 
44,09 bcde 
44,75 bcde 
44,84 bcde 
4 7, 52 bed 
47,87 bed 
48,38 bed 
43,84 bcde 
45,34 bcde 
49,59 be 
53,64 b 
70,64 a 
71 ,60 a 
71,28 a 
63,25 a 
a-n: Compare in the same vertical column. 
are not different at the 5% level. 
Number of expanded 
leaves 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,20 g 
0,25 g 
0,25 g 
0,25 g 
0,25 g 
0,00 g 
o,oo g 
0,40 fg 
·0,40 fg 
0,40 fg 
0,40 fg 
014 0 fg 
0115 g 
1,00 cdef 
1,00 cdef 
1,00 cdef 
1,00 cdef 
1,00 cdef 
1,00 cdef 
0,85 ef 
1,25 cde 
1,25 cde 
1,25 cde 
1,50 bed 
1,50 bed 
1,55 be 
0,85 ef 
1 ,85 ab 
1,95 ab 
2,00 ab 
2,05 ab 
2,15 a 
2,15 a 
0,90 def 
2,05 ab 
2,15 a 
2,25 a 
2,25 a 
2,30 a 
2,30 a 
1,35 cde 
% explants with 
expanded leaves 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
20 ef 
25 def 
25 def 
25 def 
25 def 
0 f 
0 f 
40 cde 
40 cde 
40 cde 
40 cde 
40 cde 
15 ef 
55 cd 
55 cd 
60 c 
60 c 
60 c 
65 be 
45 cde 
90 ab 
90 ab 
100 a 
100 a 
100 a 
100 a 
80 ab 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
75 ab 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
70 abc 
Means accompanied by a common letter 
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APPENDIX 1.2- The effect of different concentration ratios of kinetin and indole-
3-acetic acid (IAA) on shoot elongation, total shoot mass, leaf ex-
pansion and percentages of explants with expanded leaves derived 
from shoot apices of US 1-9 cultured in vitro 
Treatment 
(mg/£) 
KIN IAA 
0,0 0,0 
0,0 0,5 
0, 0 1, 0 
0,0 2,0 
0,0 4,0 
0,0 8,0 
0,0 16,0 
0,25 0,0 
0,25 0,5 
0, 25 1, 0 
0,25 2,0 
0,25 4,0 
0,25 8,0 
0,25 16,0 
0,5 
0,5 
0,5 
0,5 
0,5 
0., 5 
0,0 
0,5 
1 ,0 
2,0 
4,0 
8,0 
0,5 16,0 
1, 0 0,0 
1, 0 0, 5 
1, 0 1, 0 
1, 0 2, 0 
1, 0 4, 0 
1, 0 8, 0 
1, 0 16,0 
2,0 0,0 
2,0 0,5 
2, 0 1, 0 
2,0 2,0 
2,0 4,0 
2,0 8,0 
2,0 16,0 
4,0 0,0 
4, 0 0, 5 
4, 0 1, 0 
4 ,o 2, 0 
4,0 4,0 
4, 0 8, 0 
4,0 16,0 
8, 0. 0, 0 
8,0 0,5 
8, 0 1, 0 
8,0 2,0 
8,0 4,0 
8,0 8,0 
8,0 16,0 
Elongation 
(mm) 
3,32 f 
3,35 f 
3,36 f 
3,39 f 
3,40 f 
3,38 f 
3,30 f 
4,42 de 
4,43 cde 
4,44 cde 
4,54 cde 
4,54 cde 
4,42 de 
3, 34 f 
4,65 cde 
4,66 cde 
4,67 cde 
4,69 cde 
4,69 cde 
4,47 cde 
3,35 f 
4,90 cde 
4,92 cde 
4, 9 3 cde 
4,94 cde 
4,96 cde 
4,80 cde 
4,15 e 
5, 2 3 cd 
5,25 cd 
5,30 cd 
5, 31 cd 
5,33 c 
5,23 cd 
4,21 e 
7,08 b 
7,09 b 
7,10 b 
7,12 b 
7,13 b 
6,97 b 
4,30 e 
8,82 a 
8,84 a 
8,86 a 
8,88 a 
8,90 a 
8,44 a 
4,72 cde 
Shoot mass 
(mg) 
10,19 i 
11,76 i 
11,77 i 
11 ,89 i 
12,06 hi 
11,92 i 
11 ,45 i 
17,47 ghi 
17,84 ghi 
17,95ghi 
17,98 ghi 
17,98 ghi 
17,65 ghi 
15,09 hi 
20,38 fghi 
20,94 e-i 
21,29 d-i 
21,32 d-i 
21,45 d-i 
19,98 fghi 
15,33 hi 
29,35 d-i 
29,45 d-i 
29,55 d-i 
30,36 d-i 
30,44 d-i 
29,13 d-i 
17,30 ghi 
42,13 d-h 
42,44 defg 
43,83 defg 
45,70 def 
46,92 d 
45,36 def 
20,21 fghi 
85,00 c 
87,13 c 
88,27 c 
90,16 c 
91 ,68 c 
86,88 c 
29,46 d-i 
261,22b 
265,07 b 
274,53 b 
280,05 b 
296,37 a 
278,99 b 
46,85 de 
a-j: Compare in the same vertical column. 
are not different at the 5% level. 
Number of expanded 
leaves 
0, 00 j 
0,00 
0, 00 j 
0,00 j 
0,00 
0,00 
0, 00 
0, 00 
0, 00 j 
0,00 
0 ,oo 
0, 00 
0, 00 
0, 00 
0,50 ij 
0,65 i 
0,70 i 
0,70 i 
0,70 i 
0,45 ij 
o,o j 
1, 25 h 
1 ,25 h 
1, 30 h 
1, 35 h 
1,50 h 
0,45 ij 
0,00 j 
1 ,95 g 
1 ,95 g 
2,00 g 
2,05 g 
2,10 fg 
1,15 h 
0,05 
2,45 def 
2,50 de 
2,65 cd 
2,95 be 
3,05 ab 
2,20 efg 
0,15 
3, 35 ab 
3,35 ab 
3,35 ab 
3,45 a 
3,45 a 
2,65 cd 
0,25 ij 
% explants with 
expanded leaves 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
0 e 
50 c 
55 be 
55 be 
55 be 
70 be 
25 de 
0 e 
75 abc 
75 abc 
75 abc 
75 abc 
75 abc 
30 d 
0 e 
95 a 
95 a 
100 a 
100 a 
100 a 
50 c 
5 e 
100 a 
100 a 
100 a 
100 a 
100 a 
80 ab 
15 de 
100 a 
100 a 
100 a 
100 a 
100 a 
90 a 
20 de 
Means accompanied by a common letter 
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APPENDIX 2.1 -The effect of different concentration ratios of kinetin and 1-naphthalene-
acetic acid (NAA) on shoot elongation, total shoot mass, callus mass, leaf 
expansion and percentages of explants with expanded leaves derived from 
shoot apices of Chenin blanc cultured in vitro 
Treatment 
(mg/£) 
KIN NAA 
0,0 0,0 
0, 0 0,1 
0,0 0,5 
0, 0 1, 0 
0,0 2,0 
0,0 4,0 
0,0 8,0 
0,25 0,0 
0,25 0,1 
0,25 0,5 
0, 25 1, 0 
0,25 2,0 
0,25 4,0 
0,25 8,0 
0,5 0,0 
0,5 0,1 
0,5 
0,5 
0,5 
0,5 
0,5 
1, 0 
1,0 
1,0 
1, 0 
1, 0 
1, 0 
1, 0 
2,0 
2,0 
2,0 
2, 0 
2,0 
2,0 
2,0 
4, 0 
4,0 
4,0 
4, 0 
4,0 
4, 0 
4, 0 
8,0 
8,0 
8,0 
8, 0 
8,0 
8,0 
8,0 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1 10 
2,0 
4,0 
8,0 
0,0 
01 1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
01 1 
0,5 
1, 0 
2 10 
4,0 
8,0 
0,0 
01 1 
0,5 
1,0 
2,0 
4,0 
8,0 
Elongation 
(mm) 
3,38 efg 
3,27 e-i 
3,06 e-i 
3,01 e-i 
2·,92 fghi 
2,87 fghi 
2,43 i 
4,70 d 
3,28 efgh 
3,22 e-i 
3,01 e-i 
2,98 e-i 
2,96 e-i 
2,44 hi 
5,14 c 
3,30 efg 
3,25 e-i 
3,10 e-i 
3,00 e-i 
2,98 e-i 
2,68 ghi 
5,57 b 
3,47 efg 
3,32 efg 
3,20 e-i 
3,10 e-i 
3,00 e-i 
2,69 ghi 
5,79 ab 
3,79 e 
3,40 efg 
3,25 e-i 
3,15 e-i 
3,05 e-i 
2,79 fghi 
6,12 a 
4,34 d 
3,53 efg 
3,30 efg 
3,20 e-i 
3,10 e-i 
2,85 fghi 
6,20 a 
4,50 d 
3,63 ef 
3,48 efg 
3,24 e-i 
3,18 e-i 
2,90 fghi 
Shoot mass 
(mg) 
10,80 f 
9,93 f 
8,20 f 
7,80 f 
7,78 f 
7,55 f 
6,00 f 
11,25 f 
10,35 f 
8,30 f 
7,95 f 
7,91 f 
7,61 f 
6,20 f 
17,77 ef 
11,15 f 
9,46 f 
8,05 f 
7,95 f 
7,68 f 
6,30 f 
30,45 c 
11,82 f 
9,58 f 
8,22 f 
8,00 f 
7,80 f 
6,50 f 
37,46 b 
13,09 f 
9,61 f 
8,35 f 
8,10 f 
7,95 f 
6,95 f 
46,03 a 
22,56 de 
9,81 f 
8,88 f 
8,50 f 
8,25 f 
7,10 f 
51,46 a 
25,24 cd 
9,99 f 
9,46 f 
8,96 f 
8,70 f 
7,15 f 
a-i: Compare in the same vertical column. 
different at the 5% level. 
Callus mass 
(mg) 
0,00 c 
0,00 c 
0,00 c 
8,31 abc 
12,70 ab 
13,00 ab 
11,00 ab 
0,00 c 
0,00 c 
0,00 c 
8,50 abc 
13,55 a 
14,00 a 
9,50 abc 
o,oo c 
0,00 c 
o,oo c 
8,73 abc 
12,65 ab 
13,50 a 
8,00 abc 
o,oo c 
o,oo c 
6,80 abc 
9,19 abc 
11,7 3 ab 
8,00 abc 
7,50 abc 
o,oo c 
4,95 abc 
11,06 ab 
11,96 ab 
11,50 ab 
7,00 abc 
6,90 abc 
0,00 c 
5,00 abc 
5,65 abc 
7,78 abc 
8,46 abc 
6,00 abc 
5,00 abc 
0,00 c 
0,00 c 
3,80 be 
7,11 abc 
7,98 abc 
4,00 be 
3,80 be 
Number of 
expanded 
leaves 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,10 e 
0,00 e 
0,00 e 
0,0 e 
0,00 e 
0,00 e 
0,00 e 
0,15 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 c 
0,00 e 
1,00 d 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
1,40 c 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
2,10 b 
0,25 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
2,30 a 
0,45 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
% explants 
with expanded 
leaves 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
10 g 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
15 f 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
70 c 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
85 b 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
100 a 
25 e 
0 h 
0 h 
0 h 
0 h 
0 h 
100 a 
45 d 
0 h 
0 h 
0 h 
0 h 
0 h 
Means accompanied by a common letter are not 
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APPENDIX 2.2 - The effect of different concentration ratios of kinetin and 1-naphthalene-
acetic acid (NAA) on shoot elongation, total shoot mass, callus mass, leaf 
expansion and percentages of explants with expanded leaves derived from 
shoot apices of US 1-9 cultured in vitro 
Treatment 
(mg/t) 
KIN NAA 
0,0 0,0 
0,0 0,1 
0,0 0,5 
010 1, 0 
0,0 2,0 
0,0 4,0 
0,0 8,0 
0,25 0,0 
0,25 0,1 
0,25 0,5 
0125 1, 0 
0,25 2,0 
0,25 4,0 
0,25 8,0 
0,5 0,0 
0,5 0,1 
0,5 0,5 
0,5 1, 0 
0,5 2,0 
0,5 4,0 
0,5 8,0 
1,0 0 ,o 
1, 0 0,1 
1 10 0 ,5 
1, 0 1, 0 
1, 0 2, 0 
1, 0 4 10 
1,0 8,0 
2,0 o,o 
2,0 0,1 
2,0 0,5 
210 1, 0 
2,0 2,0 
2,0 4,0 
2,0 8,0 
4,0 0,0 
4 10 0,1 
4,0 0,5 
4 10 1, 0 
4 10 
4,0 
4,0 
8,0 
8,0 
8,0 
8,0 
8,0 
8,0 
8,0 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1,0 
2,0 
4,0 
8,0 
Elongation 
(mm) 
3,40 ijk 
3,04 j-n 
3,00 j-n 
2,90 j-n 
2,63 klmn 
2,52 mn 
2,46 n 
4,44 efg 
3,40 ijk 
3,29 i-m 
2,94 j-n 
2,84 j -n 
2,70 klmn 
2,60 lmn 
4,88 de 
3,73 hi 
3,60 hij 
3,33 ijkl 
2 ,92 j -n 
2,71 klmn 
2,60 lmn 
4,99 d 
4,21 fgh 
3,80 ghi 
3,70 hi 
2 ,9 3 j -n 
2, 92 j -n 
2,81 klmn 
5,60 c 
4,46 ef 
3,95 fghi 
3,76 hi 
2,94 j-n 
2,9 2 j -n 
2, 90 j -n 
6,96 b 
5,15 d 
3,98 fghi 
3,87 fghi 
2, 95 j -n 
2, 94 j -n 
2,92 j-n 
8,64 a 
6,60 b 
4,18 fgh 
3,95 fghi 
3,00 j-n 
2, 94 j -n 
2 ,94 j -n 
Shoot mass 
(mg) 
10,04 g 
8,51 g 
7,89 g 
7,14 g 
6, 71 g 
6,59 g 
6,54 g 
13,05 fg 
8,81 g 
8,24 g 
7,89 g 
7,30 g 
6,88 g 
6,84 g 
21,63efg 
9,62 g 
8,80 g 
8,15 g 
7,76 g 
7,05 g 
6,94 g 
29,75 ef 
15,52 efg 
12,80 fg 
9,40 g 
8,50 g 
8,10 g 
7,50 g 
43,80 d 
18,05 efg 
18,00 efg 
17,50 efg 
14,70 efg 
10,20 g 
8,60 g 
81,50 c 
31,4 7 e 
29,34 ef 
22,68 efg 
20,38 efg 
14,49 efg 
12,25 fg 
251,45 a 
147,84 b 
52,05 d 
28,72 ef 
26,48 efg 
19,40 efg 
18,24 efg 
a-n: Compare in the same vertical column. 
different at the 5% level. 
Callus mass 
(mg) 
0,00 c 
0,00 c 
0,00 c 
4,98 c 
15,00 c 
35,00 c 
53,39 c 
0,00 c 
0,00 c 
0,00 c 
8,30 c 
46,06 c 
59,59 c 
176,72 c 
0,00 c 
0,00 c 
0,00 c 
20,10 c 
170,05 c 
178,30 c 
227,96 c 
0,00 c 
0,00 c 
709,00 b 
886,31 ab 
746,50 b 
186,22 c 
233,78 c 
0,00 c 
22,85 c 
747,91 b 
2 457,35 a 
920,63 ab 
925,40 ab 
243,76 c 
0,00 c 
19,55 c 
68,30 c 
225,80 c 
324,22 c 
356,39 c 
64,69 c 
0,00 c 
0,00 c 
0,00 c 
8,86 c 
25,88 c 
8,58 c 
8110 C 
Number of 
expanded 
leaves 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,35 f 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
o,oo g 
0,00 g 
1,20 d 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
1,90 c 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
2,40 b 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
o,oo g 
0,00 g 
3,40 a 
0,95 e 
0,25 fg 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
% explants 
with expanded 
leaves 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
35 c 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
80 b 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
95 a 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
100 a 
0 d 
0 d 
0 d 
0 d 
0 d 
0 d 
100 a 
75 b 
10 d 
0 d 
0 d 
0 d 
0 d 
Means accompanied by a common letter are not 
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APPENDIX 3.1 -The effect of different concentration ratios of kinetin and indole-3-
butyric acid (IBA) on shoot elongation, total shoot mass, callu£ mass 
leaf expansion and percentages of explants with expanded leaves derived 
from shoot apices of Chenin blanc cultured in vitro 
Treatment 
(mg/!) 
KIN 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,25 
0,25 
0,25 
0,25 
0,25 
0,25 
0,25 
0,5 
0,5 
0,5 
0,5 
0,5 
0,5 
0,5 
1, 0 
1, 0 
1, 0 
1, 0 
1, 0 
1, 0 
1, 0 
2,0 
2, 0 
2,0 
2,0 
2,0 
2,0 
2,0 
4,0 
4,0 
4,0 
4,0 
4, 0 
4,0 
4,0 
8,0 
8,0 
8,0 
8,0 
8 '0 
8,0 
8,0 
IBA 
0,0 
0,1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0, 1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0, 1 
0,5 
1,0 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1 ,o 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0, 1 
0,5 
1, 0 
2,0 
4,0 
8,0 
Elongation 
(nun) 
3,36 q-u 
3,28 q-u 
3,10 stu 
3,05 stu 
3,00 tu 
2,93 tu 
2,85 u 
4,85 ghij 
4,05 mnop 
3,73 opq 
3,60 pqrs 
3,48 qrst 
3,10 stu 
2,88 u 
5,25 efg 
5,05 fghi 
4,64 h-1 
4, 44 j -n 
3,70 opqr 
3,40 q-u 
2,98 tu 
5,60 cde 
5,52 def 
4,75 g-k 
4,56 h-m 
4,49 i-n 
4,03 nop 
3,05 stu 
5,72 cde 
5,64 cde 
5,50 def 
4,72 g-k 
4,59 h-1 
4, 11 lrnno 
3,10 stu 
6,25 ab 
5,95 bed 
5,75 cde 
4, 77 g-k 
4,73 g-k 
4,15 lrnno 
3,18 rstu 
6,50 a 
6,10 abc 
5,86 bed 
5,10 fgh 
4,88 ghij 
4,26 klmn 
3,20 q-u 
Shoot mass 
(mg) 
10,20 1-q 
9,96 m-q 
9,85 m-q 
9,55 opq 
8,94 opq 
8,65 pq 
7,98 q 
12,00 k-o 
11,73 k-p 
10,53 1-q 
10,37 1-q 
9,75 nopq 
8,78 opq 
8,04 q 
17, 10 
16,85 
13,06 kl 
12,78 klm 
10,38 1-q 
9,00 opq 
8,19 q 
26,50 h 
22,82 i 
16,18 
13,81 k 
10,48 1-q 
9,08 opq 
8,27 q 
35,60 ef 
30,67 g 
24,22 i 
17,10 
15,75 
9,22 opq 
8,33 q 
45,60 c 
40,50 d 
34 , 21 f 
28,06 h 
27,45 h 
12,57 klrnn 
8,85 opq 
50,80 a 
48,56 b 
37,07 e 
34,00 f 
27,75 h 
13,60 k 
8,98 opq 
a-u: Compare in the same vertical column. 
different at the 5% level. 
Callus mass 
(mg) 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
11,50 d 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
55,97 b 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
41,28 c 
66,15 a 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
0,00 e 
Number of 
expanded 
leaves 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
0,15 g 
0,10 g 
0,05 g 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
1,00 e 
0,50 f 
0,30 fg 
0,00 g 
0,00 g 
0,00 g 
0,00 g 
1,30 d 
1,10 e 
0,50 f 
o, 10 g 
0,00 g 
0,00 g 
0,00 g 
2,00 b 
1,80 be 
1 ,60 c 
1,40 d 
1,00 e 
0,00 g 
0,00 g 
2,30 a 
2,00 b 
1,80 be 
1 ,65 c 
1 ,05 e 
0,50 f 
0,00 g 
% explants 
with expanded 
leaves 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
0 h 
15 fg 
10 gh 
5 gh 
0 h 
0 h 
0 h 
0 h 
65 c 
40 e 
30 f 
0 h 
0 h 
0 h 
0 h 
85 ab 
55 d 
50 d 
10 gh 
0 h 
0 h 
0 h 
100 a 
100 a 
100 a 
100 a 
80 b 
0 h 
0 h 
100 a 
100 a 
100 a 
100 a 
85 ab 
20 fg 
0 h 
Means accompanied by a common letter are not 
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hi'PENDIX 3.2 
Treatment 
(mg/£) 
KIN 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,25 
0,25 
0,25 
0,25 
0,25 
0,25 
0,25 
0,5 
0,5 
0,5 
0,5 
0,5 
0, 5 
0,5 
1, 0 
1, 0 
1, 0 
1, 0 
1, 0 
1, 0 
1, 0 
2,0 
2,0 
2,0 
2,0 
2,0 
2, 0 
2,0 
4,0 
4, 0 
4,0 
4,0 
4,0 
4, 0 
4, 0 
8,0 
8,0 
8,0 
8,0 
8,0 
8,0 
8,0 
IBA 
0,0 
0,1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1, 0 
2,0 
4, 0 
8,0 
0,0 
0,1 
0,5 
1, 0 
2,0 
4, 0 
8,0 
0,0 
0, 1 
0,5 
1, 0 
2, 0 
4,0 
8,0 
0,0 
0,1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1, 0 
2,0 
4,0 
8,0 
0,0 
0,1 
0,5 
1, 0 
2, 0 
4, 0 
8,0 
The effect of different concentration ratios of kinetin and indole-3-butyric 
acid (IBA) on shoot elongation, total shoot mass, callus mass, leaf expansion 
and percentages of explants with expanded leaves derived from shoot apices of 
US 1-9 cultured in vitro 
Elongation 
(mm) 
3,35 fghi 
3,06 ghi 
3,02 ghi 
3,00 ghi 
2,88 hi 
2,50 i 
2,48 i 
4,38 d-i 
4,18 d-i 
4,08 d-i 
4,05 d-i 
3,82 d-i 
3,65 e-i 
3,02 ghi 
4,60 d-i 
4,40 d-i 
4,38 d-i 
4,22 d-i 
4,16 d-i 
4,08 d-i 
3,21 ghi 
4,95 c-i 
4,58 d-i 
4,52 d-i 
4,38 d-i 
4,21 d-i 
4,16 d-i 
3,28 ghi 
5,83 b-f 
5,21 e-h 
4,80 c-i 
4,62 d-i 
4,48 d-i 
4,25 d-i 
4,16 d-i 
7,35 b 
6,25 bed 
5,95 bcde 
5,56 b-g 
5,24 e-h 
4,45 d-i 
4,21 d-i 
8,75 a 
6,92 be 
6,36 bed 
5,98 bcde 
5,38 b-h 
4,92 c-i 
4,38 d-i 
Shoot mass 
(mg) 
9,80 de 
9,53 de 
9,10 de 
9,05 de 
9,00 de 
8,76 de 
8,00 e 
13,98 de 
12,00 de 
11 ,58 de 
11,55 de 
10,61 de 
9,88 de 
8,32 e 
19,66 de 
13,96 de 
13,50 de 
12,80 de 
10,80 de 
10,26 de 
8,96 de 
28,54 de 
16,76 de 
16,38 de 
14,98 de 
12,50 de 
11 ,85 de 
9,27 de 
45,88 cde 
39,63 cde 
21,62 de 
15,02 de 
13,60 de 
12,12 de 
10,05 de 
83,63 c 
70,62 cd 
42,65 cde 
38,38 cde 
30,08 de 
21,62 de 
10,61 de 
248,52 a 
148,52 b 
83,48 c 
52,62 cde 
33,62 de 
31,91 de 
25,42 de 
Callus mass 
(mg) 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
50,40 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
133,28 cd 
252,68 c 
266,82 c 
0,00 d 
0,00 d 
0,00 d 
128,39 cd 
153,08 cd 
513,62 b 
240,68 a 
0,00 d 
0,00 d 
0,00 d 
183,62 cd 
256,04 c 
195,76 a 
195,68 cd 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
Number of 
expanded 
leaves 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,20 d 
0,00 d 
0,00 d 
0, 00 d 
0,00 d 
0,00 d 
0,00 d 
1,10 cd 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
1,80 be 
1,20 cd 
1,00 cd 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
2,30 b 
1 ,60 be 
1 ,00 cd 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
3,20 a 
2,30 b 
1,80 be 
1,00 cd 
0,00 d 
0,00 d 
0,00 d 
% explants 
with expanded 
leaves 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
20 e 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
75 b 
0 f 
0 f 
0 f 
0 f 
0 f 
0 f 
100 a 
80 b 
60 c 
0 f 
0 f 
0 f 
0 f 
100 a 
90 a 
80 b 
0 f 
0 f 
0 f 
0 f 
100 a 
100 a 
100 a 
50 d 
0 f 
0 f 
0 f 
a-i: Compare in the same vertical column. Means accompanied by a common letter are not 
different at the 5% level. 
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APPENDIX 4.1 -Effects of increasing concentrations of kinetin on shoot elongation, total shoot 
mass, number of proliferated shoots and percentages of explants with proliferated 
shoots derived from shoots apices of (1) Chenin blanc and (2) US 1-9 cultured 
Treatment 
(mg/l) 
Kinetin 
Control 
0, 1 
0,25 
0,5 
2 
5 
10 
15 
20 
in vitro 
Elongation 
{mm) 
(1) 
2,95 f 
3,23 f 
3,94 e 
4,89 d 
5,22 cd 
5,29 c 
6,07 b 
6,29 b 
6,88 a 
7,10 a 
{2) 
2,64 i 
3,11 h 
4,03 g 
4,20 fg 
4, 51 f 
5,19 e 
6,38 d 
7,10 c 
7,76 b 
8,80 a 
Shoot mass 
{mg) 
{1) 
8,45 f 
9,98 f 
11 06 f 
17,95 e 
25,40 d 
37,82 c 
40,94 c 
45,02 b 
49,31 a 
49,92 a 
{2) 
7,54 d 
9,82 d 
12,67 d 
15,88 d 
20,95 d 
32,85 d 
70,22 c 
110,10 b 
123,62 b 
195,67 a 
Number of 
proliferated shoots 
{1) 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,10 ab 
0,20 a 
{2) 
0,00 c 
0,00 c 
0,00 c 
0,00 c 
0,00 c 
0,00 c 
0,00 c 
0,10 be 
0,20 b 
0,80 a 
% explants with 
proliferated shoots 
(1) 
0 b 
0 b 
0 b 
0 b 
0 b 
0 b 
0 b 
0 b 
10 ab 
20 a 
{ 2) 
0 c 
0 c 
0 c 
0 c 
0 c 
0 c 
0 c 
10 be 
20 b 
50 a 
a-i: Compare in the same vertical column. Means accompanied by a common letter are not 
different at the 5% level of significance. 
APPENDIX 4.2 - Effects of increasing concentrations of 6-benzylaminopurine {BAP) on shoot 
elongation, total shoot mass, number of proliferated shoots and percentages of 
explants with proliferated shoots derived from shoot apices of {1) Chenin blanc 
and {2) US 1-9 cultured in vitro 
Treatment 
{mg/0 
BAP 
Control 
0, 1 
0,25 
0, 5 
2 
5 
10 
15 
20 
Elongation 
{mm) 
{1) 
2,85 e 
5,08 d 
6,55 c 
6,69 c 
10,19 b 
14,09 a 
2,90 e 
2,75 e 
2,60 e 
2,50 e 
{2) 
2,80 f 
6,84 d 
7,62 d 
11,06 c 
12,80 b 
16,28 a 
5,46 e 
3,40 f 
3,10 f 
2,85 f 
Shoot mass 
{m g) 
{1) 
8,60 d 
20,08 d 
52,62 c 
65,00 c 
125,31 b 
210,00 a 
19,39 d 
15,40 d 
10,00 d 
8,30 d 
{2) 
8,40 e 
28,55 de 
60,00 cde 
75,84 cd 
142,54 b 
381,87 a 
88,63 c 
22,35 e 
18,61 e 
11 ,00 e 
Number of 
proliferated shoots 
{1) 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
2,00 a 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
{ 2) 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
1, 00 b 
2,40 a 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
% explants with 
proliferated shoots 
{1) 
0 b 
0 b 
0 b 
0 b 
0 b 
90 a 
0 b 
0 b 
0 b 
0 b 
{2) 
0 c 
0 c 
0 c 
0 c 
60 b 
100 a 
0 c 
0 c 
0 c 
0 c 
a-f: Compare in the same vertical column. Means accompanied by a common letter are not 
different at the 5% level of significance. 
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APPENDIX 4.3 - Effects of increasing concentrations of zeatin on shoot elongation, total shoot 
mass, number of proliferated shoots and percentages of explants with proliferated 
shoots derived from shoot apices of (1) Chenin blanc and (2) US 1-9 cultured in 
vitro 
Treatment 
(mg/{) 
Zeatin 
Control 
0,1 
0,25 
0,5 
2 
5 
10 
15 
20 
Elongation 
(mm) 
(1) 
2,80 e 
5,80 de 
7,10 de 
8,70 cd 
9,50 cd 
9,80 cd 
12,10 be 
15,60 ab 
19,90 a 
10,50 cd 
(2) 
2,70 d 
4,95 cd 
6,00 cd 
12,40 b 
12,90 b 
13,50 b 
20,70 a 
22,60 a 
26,90 a 
10,75 be 
Shoot mass 
(mg) 
(1) 
8,70 f 
43,80 ef 
55,32 ef 
73,22 e 
88,39 e 
192,61 d 
262,81 c 
382,68 b 
489,55 a 
293,73 c 
(2) 
8,50 e 
39,80 de 
52,16 de 
76,82 d 
92,66 d 
205,30 c 
295,32 b 
458,86 a 
502,35 a 
298,00 b 
Number of 
proliferated shoots 
(1) 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,20 b 
1, 20 a 
1, 50 a 
0,10 b 
(2) 
0,00 c 
0,00 c 
0,00 c 
0,00 c 
0,00 c 
0,20 be 
1,00 abc 
1,30 ab 
2,00 a 
0,20 be 
% explants with 
proliferated shoots 
(1) 
0 c 
0 c 
0 c 
0 c 
0 c 
0 c 
20 b 
100 a 
100 a 
10 be 
( 2) 
0 d 
0 d 
0 d 
0 d 
0 d 
20 c 
80 b 
100 a 
100 a 
20 c 
a-f: Compare in the same vertical column. Means accompanied by a common letter are not dif-
ferent at the 5% level of significance. 
APPENDIX 4.4 - Effects of increasing concentrations of zeatin riboside (ZR) on shoot elongation, 
total shoot mass, number of proliferated shoots and percentages of explants with 
proliferated shoots derived from shoot apices of (1) Chenin blanc and (2) US 1-9 
cultured in vitro 
Treatment 
(mg/{) 
ZR 
Control 
0, 1 
0,25 
0, 5 
2 
5 
10 
15 
20 
Elongation 
(mm) 
(1) 
2,90 e 
6,20 de 
6,70 d 
11,85 c 
12,10 c 
18,26 b 
18,95 b 
32,60 a 
13,82 c 
7,00 d 
(2) 
2,75 g 
6,SO fg 
9,00 ef 
12,50 de 
13,12 cde 
19,15 b 
20,10 b 
33,72 a 
14,20 cd 
7,22 f 
Shoot mass 
(mg) 
(1) 
8,70 f 
23,63 f 
63,27 e 
71,62 e 
75,73 e 
240,48 c 
332,68 b 
749,32 a 
149,25 d 
82,76 e 
(2) 
8,50 g 
29,19 fg 
73,88 ef 
78,72 ef 
86,38 e 
263,24 c 
364,32 b 
785,68 a 
192,68 d 
102,54 e 
Number of 
proliferated shoots 
( 1) 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
1, 00 b 
2,80 a 
0,00 b 
0,00 b 
(2) 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
0,00 b 
1, 00 b 
1,10 b 
2,90 a 
0,80 b 
0,00 b 
% explants with 
proliferated shoots 
(1) 
0 b 
0 b 
0 b 
0 b 
0 b 
0 b 
100 a 
100 a 
0 b 
0 b 
(2) 
0 c 
0 c 
0 c 
0 c 
0 c 
80 ab 
100 a 
100 a 
60 b 
0 c 
a-g: Compare in the same vertical column. Means accompanied by a common letter are not 
different at the 5% level of significance. 
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APPENDIX 5.1 -The effect of different concentration ratios of 
6-benzylaminopurine (BAP) and 1-naphthaleneacetic 
acid (NAA) on shoot elongation, total shoot mass, 
callus mass, shoot proliferation and percentages 
of explants with proliferated shoots derived from 
shoot apices of Chenin blanc cultured in vitro 
Treatment Elongation Shoot Callus Number of %. of explants 
(mg I i.) (mm) mass mass proli~e- with pro-
BAP : NAA (mg) (mg) rated liferated 
shoots shoots 
o,o o,o 3,30 d 10,60 e 0,00 e 0,00 c 0 c 
0,0 0 1 1 3,20 d 9,02 e o,oo e 0,00 c 0 c 
0,0 1 10 3,00 d 6,85 e 7,22 de 0,00 c 0 c 
o,o 2,0 2,80 d 6,32 e 11 18 4 de o,oo c 0 c 
0,0 5,0 2,65 d 5,27 e 14,08 cde 0,00 c 0 c 
0,5 0,0 9110 C 74,62 de 0,00 e 0,00 c 0 c 
0,5 0 1 1 8,90 c 82,87 de 0,00 e 0,00 c 0 c 
0,5 1 10 3,90 d 15,62 e 7,86 de 0,00 c 0 c 
0,5 2,0 2,95 d 6,53 e 19,42 cde 0,00 c 0 c 
0,5 5,0 2,70 d 5,50 e 29,88 c 0,00 c 0 c 
1 10 0,0 12,60 b 166,38 c 0,00 e o,oo c 0 c 
1 10 01 1 11 16 0 be 183,42 c o,oo e 1 100 be 60 b 
1 10 1 1 0 4,95 d 16,76 e 9,52 de 0,00 c 0 c 
1 10 2,0 3 1 15 d 6,90 e 22,63 cd o,oo c 0 c 
1 1 0 5,0 2,85 d 5,73 e 83,62 a 0,00 c 0 c 
2,0 0,0 19,20 a 436,28 a 0,00 e 2,40 a 90 a 
2,0 0 1 1 12,90 b 298,46 b 0,00 e 1 18 0 ab 80 a 
2,0 1 1 0 5,20 d 32,80 e 9,80 de 0,00 c 0 c 
2,0 2,0 5,05 d 18,95 e 23,42 cd 0,00 c 0 c 
2,0 5,0 4,80 d 17,85 e 42,25 b 0,00 c 0 c 
3,5 o,o 9,80 c 123,85 d 0,00 e 0,00 c 0 c 
3,5 01 1 6,40 d 48,46 e 0,00 e 0,00 c 0 c 
3,5 1 10 4,60 d 22,52 e 6,23 de 0,00 c 0 c 
3,5 2,0 4,20 d 15,45 e 11 182 de 0,00 c 0 c 
3,5 5,0 4,00 d 12,13 e 23,85 cd 0,00 c 0 c 
a - e: Compare in the same vertical column. Means accompanied by 
a common letter are not different at the 5% level. 
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APPENDIX 5.2 - The effect of different concentration ratios of 
6-benzylaminopurine (BAP) and 1-naphthaleneacetic 
acid (NAA) on shoot elongation, total shoot mass, 
callus mass, shoot proliferation and percentages 
of explants with proliferated shoots derived from 
shoot apices of US 1~9 cultured .in vitro .. 
Treatment Elongation Shoot Callus Number of % of explants 
(mg/R.) (mm) mass mass prolif e- with pro-
BAP : NAA (mg) (mg) rated liferated 
shoots shoots 
o,o 0,0 3,20 efg 9,78 e 0,00 f 0,00 b 0 e 
0,0 0' 1 3,10 efg 8,83 e o,oo f o,oo b 0 e 
0,0 1 '0 2,90 fg 7,23 e 5' 16 f 0,00 b 0 e 
0,0 2,0 2,70 g 6,67 e 13,82 f o,oo b 0 e 
o,o 5,0 2,50 g 5,76 e 38,63 ef 0,00 b 0 e 
0,5 0,0 18,70 b 105,64 cd 0,00 f 0,70 b 30 d 
0,5 0' 1 9,20 de 93,68 cde 0,00 f 0,00 b 0 e 
0,5 1 '0 7,20 defg 78,68 cde 14,86 f 0,00 b 0 e 
0,5 2,0 4,90 defg 18,25 de 96,38 d 0,00 b 0 e 
0,5 5,0 3,00 efg 6,82 e 51 '7 2 ef 0,00 b 0 e 
1 '0 o,o 20,80 b 202,84 b 0,00 f 3,40 a 80 b 
1 '0 0 ' 1 13,60 c 103,86 cd o,oo f 0,50 b 40 c 
1 '0 1 '0 8,20 defg 92,50 cde 18,28 f 0,00 b 0 e 
1 '0 2,0 5,30 defg 19,86 de 215,88 b 0,00 b 0 e 
1 '0 5,0 4,00 defg 8,83 e 75,88 e 0,00 b 0 e 
2,0 o,o 32,60 a 532,82 a 0,00 f 4,80 a 100 a 
2,0 0' 1 21 '70 b 489,32 a 0,00 f 4 '1 0 a 100 a 
2,0 1 '0 9,00 def 97,25 cde 163,28 c o,oo b 0 e 
2,0 2,0 6 '1 0 defg 20,04 de 292,56 a 0,00 b 0 e 
2,0 5,0 4,20 defg 18,05 de 183,85 be o,oo b 0 e 
3,5 0,0 9,90 d 126,38 c o,oo f 0,00 b 0 e 
3,5 0 ' 1 7,80 defg 88,68 cde o,oo f 0,00 b 0 e 
3,5 1 '0 5,40 defg 39,62 de 23,48 f o,oo b 0 e 
3,5 2,0 5,20 defg 18,28 de 28,28 f 0,00 b 0 e 
3,5 5,0 4' 1 0 defg 13,26 e 24,29 f 0,00 b 0 e 
a - g: Compare in the same vertical column. Means accompanied by 
a common letter are not different at the 5% level. 
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APPENDIX 6.1 -The effect of different concentration ratios of 
zeatin riboside (ZR) and 1-naphthaleneacetic acid 
(NAA) on shoot elongation, total shoot mass, 
callus mass, shoot proliferation and percentages 
of explants with proliferated shoots derived from 
shoot apices of Chenin blanc cultered in vitro 
Treatment Elongation Shoot Callus Number of % of explants 
(mg/l) (mm) mass mass prolife- with pro-
ZR NAA (mg) (mg) rated liferated 
shoots shoots 
0,0 0,0 3,35 d 10,76 d 0,00 e 0,00 c 0 c 
0,0 0' 1 3' 15 d 8,95 d 0,00 e o,oo c 0 c 
0,0 1 '0 3' 1 0 d 6,83 d 7,92 e 0,00 c 0 C-
0,0 2,0 2,90 d 6,28 d 12,57 e o,oo c 0 c 
o,o 5,0 2,75 d 5,52 d 13,82 e 0,00 c 0 c 
1 '0 0,0 13,90 c 163,48 d 0,00 e 0,00 c 0 c 
1 '0 0' 1 9,65 cd 32,68 d 2,55 e 0,00 c 0 c 
1 '0 1 '0 4,40 d 18,72 d 104,96 de 0,00 c 0 c 
1 '0 2,0 4 '1 0 d 11 '95 d 116,83 de o,oo c 0 c 
1 '0 5,0 3,05 d 8,03 d 202,52 cde 0,00 c 0 c 
2,0 o,o 22,60 b 244,16 d 0,00 e 0,00 c 0 c 
2,0 0' 1 21 '50 b 233,68 d 10,46 e 0,00 c 0 c 
2,0 1 '0 5,30 d 25,52 d 115,52 de 0,00 c 0 c 
2,0 2,0 4,90 d 22,82 d 186,32 cde 0,00 c 0 c 
2,0 5,0 3,35 d 11 '36 d 332,85 be 0,00 c 0 c 
5,0 0,0 24,85 b 520,66 c 0,00 e 1 '1 0 c lOO a 
5,0 0' 1 24,30 b 550,00 c 1 2 , 1 1 e 3,40 b 80 b 
5,0 1 '0 8,25 cd 27,92 d 162,88 cde 0,00 c 0 c 
5,0 2,0 6,25 d 23,65 d 193,82 cde o,oo c 0 c 
5,0 5,0 4,20 d 12,59 d 382,55 b 0,00 c 0 c 
10,0 0,0 35,80 a 962,87 b 0,00 e 3,20 b 100 a 
10,0 0 1 1 34,90 a 1 248,63 a 13,85 e 7,00 a 100 a 
10,0 1 '0 8,60 cd 32,82 d 163,08 cde 0,00 c 0 c 
1 0 '0 2,0 7,40 d 31,55 d 302,65 bed 0,00 c 0 c 
10,0 5,0 4,80 d 13,26 d 552,83 a 0,00 c 0 c 
a - e: Compare in the same vertical column. Means accompanied by 
a common letter are not different at the 5% level. 
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APPENDIX 6.2 - The effect of different concentration ratios of 
zeatin riboside (ZR) and 1-naphthaleneacetic acid 
(NAA) on shoot elongation, total shoot mass, 
callus mass, shoot proliferation and percentages 
of explants with proliferated shoots derived from 
shoot apices of US 1-9 cultured in vitro 
Treatment Elongation Shoot Callus Number of % of explants 
(mg/l) (mm) mass mass prolife- with pro-
ZR NAA (mg) (mg) rated liferated 
shoots shoots 
o,o o,o 3,30 f 9,85 d 0,00 c 0,00 c 0 c 
0,0 0 1 1 3,05 f 8,72 d 0,00 c 0,00 c 0 c 
0,0 1 1 0 2,80 f 7,38 d 5,34 c 0100 c 0 c 
o,o 2,0 2,60 f 6,85 d 15156 c o,oo c 0 c 
0,0 5,0 2,50 f 5,87 d 43,28 c 0,00 c 0 c 
1 1 0 0,0 25,30 cde 228,32 d o,oo c 0,00 c 0 c 
1, 0 0 1 1 16,40 def 212,67 d 18,63 c 0,00 c 0 c 
1 10 1, 0 3180 f 19156 d 1 025,68 b 0,00 c 0 c 
1 1 0 2,0 3,20 f 12,36 d 1 895,38 a 0100 c 0 c 
1 1 0 5,0 3 1 10 f 9 1 19 d 96135 c 0,00 c 0 c 
2,0 0,0 34,70 be 495,68 c 0,00 c 1 1 30 be 80 b 
2,0 0 1 1 26,30 cde 238152 d 38,96 c 0,00 c 0 c 
2,0 1, 0 6150 f 28,46 d 1 892,84 a 0,00 c 0 c 
2,0 2,0 5,50 f 23132 d 1 965,96 a 0100 c 0 c 
210 5,0 3,90 f 18,68 d 164,18 c 0100 c 0 c 
5,0 010 40,60 a be 685,38 b o,oo c 1,80 be 100 a 
5,0 0 1 1 30,80 bed 573,29 be 42,77 c 2,00 b 80 b 
5,0 1 1 0 10,60 ef 80,63 d 1 973,92 a 0,00 c 0 c 
5,0 2,0 7170 f 43,28 d 2 149,36 a 0,00 c 0 c 
5,0 5,0 5,20 f 2 2 1 18 d 253,55 c 0,00 c 0 c 
10,0 o,o 52,50 a 988,52 a o,oo c 3,40 a 100 a 
10,0 0 1 1 42,60 ab 945,82 a 74,22 c 3,60 a 100 a 
10,0 1 1 0 11 100 ef 142,82 d 142,68 c 0,00 c 0 c 
10,0 2,0 8,00 f 55136 d 303,92 c 0100 c 0 c 
10,0 5,0 5,90 f 30107 d 283,48 c o,oo c 0 c 
a - f: Compare in the same vertical column. Means accompanied by 
a common letter are not different at the 5% level. 
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APPENDIX 7.1 -The effect of different concentration ratios of zeatin riboside (ZR) and 
gibberellic acid (GA3 ) on shoot elongation, total shoot mass, leaf expansion 
and percentages of explants with expanded leaves derived from shoot apices 
of Chenin blanc cultured in vitro 
Treatment 
(mg/l) 
ZR 
0,0 
010 
010 
010 
010 
010 
1 10 
1 10 
1 10 
1 10 
1 10 
1 10 
210 
2 10 
210 
2 10 
210 
210 
510 
510 
5,0 
510 
510 
510 
1010 
1010 
1010 
1010 
1010 
10 '0 
0,0 
0,5 
1 1 Q 
2,0 
510 
1010 
010 
0,5 
1 10 
210 
510 
10,0 
0,0 
015 
1 10 
2,0 
510 
1010 
010 
015 
1 ,0 
2,0 
510 
1010 
0,0 
0,5 
1 10 
2,0 
5,0 
1010 
Elongation 
(mm) 
2,30 i 
3,70 hi 
5,60 ghi 
5,90 fghi 
7,80 fghi 
8 1 20 e-i 
6150 fghi 
8100 fghi 
9,80 d-h 
10 170 c-g 
13,00 cdef 
16 1 20 abed 
8,60 e-i 
11 1 20c-g 
11,80 c-g 
16,80 abc 
19 1 80 ab 
20,00 ab 
9,80 d-h 
11 1 80 c-g 
12,30 c-g 
17,10 abc 
20 1 30 ab 
21 120 ab 
11 1 00 c-g 
15,00 bcde 
19,60 ab 
20,30 ab 
22,30 a 
22 1 50 a 
Shoot mass 
(mg) 
4 121 h 
7,75 h 
10,47 h 
12,75 h 
14126 h 
14198 h 
18163 h 
28162 h 
63110 gh 
72,52 fgh 
113,06 efgh 
164,28 defg 
80128 fgh 
85,00 fgh 
1,93 124 cdef 
210 176 cde 
253,80 cd 
273 167 cd 
110 128 efgh 
165 139 defg 
210,35 cde 
280 1 63 cd 
295,88 c 
303,23 c 
182 132 c-g 
210 150 cde 
410120 b 
560 175 a 
592 185 a 
620,28 a 
Number of 
expanded 
leaves 
0,00 
0,00 
0,00 j 
0,00 j 
0,40 ij 
0,60 ij 
0,40 ij 
0,80 ij 
1100 hij 
1,20 ghi 
2,00 efg 
2,40 def 
1,00 hij 
1 ,20 ghi 
2,80 cde 
3,00 bcde 
3 1 00 bcde 
3,40 abed 
1,80 fgh 
2,40 def 
3 1 00 bcde 
3,10 bed 
3,60 abc 
3 1 60 abc 
2,80 cde 
3 1 80 abc 
4 1 00 ab 
4,00 ab 
4,00 ab 
4 1 40 a 
% explants 
with expanded 
leaves 
0 e 
0 e 
0 e 
0 e 
40 cd 
60 b 
30 d 
50 be 
60 b 
80 a 
100 a 
100 a 
80 a 
80 a 
100 a 
100 a 
100 a 
100 a 
80 a 
90 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
a-j: Compare in the same vertical column. Means accompanied by a common letter are not 
different at the 5% level of significance. 
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APPENDIX 7.2 - The effect of different concentration ratios of zeatin riboside (ZR) and 
gibberellic acid (GA 3 ) on shoot elongation, total shoot mass, leaf expansion 
and percentages_of explants with expanded leaves derived from shoot apices 
of US 1-9 cultured in vitro 
Treatment 
(mg I f) 
ZR 
0,0 0,0 
0,0 0,5 
0' 0 1 '0 
0,0 2,0 
0,0 5,0 
0' 0 10' 0 
1 '0 0 '0 
1 '0 0 '5 
1 '0 1 '0 
1 '0 2 '0 
1,0 5,0 
1 '0 10' 0 
2,0 0,0 
2,0 0,5 
2' 0 1 '0 
2,0 2,0 
2,0 5,0 
2,0 10,0 
5,0 0,0 
5,0 0,5 
5' 0 1 '0 
5' 0 2 '0 
5,0 5,0 
5,0 10,0 
10,0 0,0 
10,0 0,5 
10' 0 1 '0 
10,0 2,0 
10,0 5,0 
10,0 10,0 
Elongation 
(mm) 
2,00 g 
3,20 fg 
4,50 efg 
4, 70 defg 
5,10 defg 
5, 60 defg 
7,60 defg 
7,70 defg 
10,20 c-f 
11,80 b-e 
12,10 b-e 
15,60 abed 
9,80 c-f 
10,60 c-f 
12,40 b-e 
14,00 b-e 
19,70 abc 
21,20 ab 
10,00 c-f 
11,30 b-e 
13,00 b-e 
14,80 a-e 
20,30 abc 
22,80 a 
11,20 b-e 
12,00 b-e 
1 3, 10 b-e 
12,1-0 b-e 
11,60 b-e 
10,50 c-f 
----
Shoot mass 
(mg) 
4,05 g 
7,12 g 
9,82 g 
10,69 g 
12,86 g 
13,59 g 
33,48 g 
36,60 g 
82,68 f 
98,68 ef 
132,44 de 
140,29 de 
101,42 ef 
119,25 def 
195,88 be 
199,46 be 
212,72 b 
253,98 ab 
135,62 de 
160,49 cd 
232,48 ab 
250,42 ab 
253,82 ab 
283,88 a 
198,56 be 
205,69 be 
268,45 a 
248,46 ab 
238,36 ab 
202,58 be 
Number of 
expanded 
leaves 
0,00 d 
0,00 d 
0,00 d 
0,00 d 
0,20 d 
0,40 cd 
0,50 cd 
0,80 bed 
1,60 abed 
1,80 abed 
2,30 abed 
2,40 abed 
1,80 abed 
2,00 abed 
2,70 abc 
3,00 ab 
3,00 ab 
3,20 ab 
2,00 abed 
2,40 abed 
3,00 ab 
3,40 a 
3,50 a 
3,50 a 
3,00 ab 
3,80 a 
3,80 a 
3,60 a 
3,50 a 
2,20 abed 
% explants 
with expanded 
leaves 
0 d 
0 d 
0 d 
0 d 
10 d 
40 c 
40 c 
60 b 
80 a 
90 a 
100 a 
100 a 
90 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
100 a 
a-g: Compare in the same vertical column. Means accompanied by a common letter are not 
different at the 5% level of significance. 
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APPENDIX 8 - The effect of different concentration ratios of 6-benzylaminopurine (BAP) and 
zeatin riboside (ZR) on elongation, total shoot mass, shoot proliferation and 
percentages of explants with proliferated shoots derived from shoot apices of 
Chenin blanc cultured in vitro 
Treatment Elongation Shoot mass Number of % of explants 
(mg/{) (mm) (mg) proliferated with proliferated 
BAP ZR shoots shoots 
0,0 0,0 3,22 f 10,60 k 0,00 f 0 b 
0' 0 1 '0 14,27 d 185,50 ijk 0,00 f 0 b 
0,0 2' 0 22' 72 be 245,80 hijk 0,00 f 0 b 
0 '0 5,0 23,02 be 701 '00 defg 1 '20 ef 100 a 
0,0 10,0 36,24 a 853,90 cde 3,40 def 100 a 
0,5 0,0 8,95 e 77,80 jk 0,00 f 0 b 
0,5 1 '0 21 '15 be 344,20 hijk 2,00 def 90 a 
0,5 2' 0 23,83 be 433,00 ghij 2' 10 def 100 a 
0 '5 5,0 24,55 be 881 '70 cde 3' 10 def 100 a 
0' 5 10,0 26,08 b 107,00 a be 6,20 cd 100 a 
1 '0 0,0 12' 11 de 170,20 ijk 0,00 f 0 b 
1 '0 1 '0 21 '85 be 382,60 g-k 2,30 def 100 a 
1 '0 2,0 23,95 be 587,40 efgh 4,40 cdef 100 a 
1 '0 5,0 25,00 be 012,50 bed 7,65 be 100 a 
1 '0 10,0 23,85 be 248,70 ab 9,65 b 100 a 
2' 0 0,0 19' 14 c 430,50 ghij 2,30 def 90 a 
2' 0 1 '0 22,00 be 501 '30 fghi 3,00 def 100 a 
2,0 2,0 25' 1 3 be 343,50 a 14 '30 a 100·a 
2,0 5,0 23' 95 be 781 '50 def 5,30 cde 100 a 
2' 0 10,0 13,33 de 248,30 hijk 2,55 def 100 a 
5,0 0,0 3,29 f 25,20 k 0,00 f 0 b 
5,0 1 '0 3,33 f 27,90 k 0,00 f 0 b 
5,0 2,0 3,60 f 30,50 k 0,00 f 0 b 
5,0 5,0 3,70 f 32' 10 k 0,00 f 0 b 
5,0 10' 0 3,80 f 32,62 k 0,00 f 0 b 
a-k: Compare in the same vertical column. Means accompanied by a common letter are not 
different at the 5% level of significance. 
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OPSOMMING 
Veertien verskillende kallusmetodes is onder laboratoriumtoestande 
uitgetoets t.o.v. die kallusvormingsverm~ van vier onderstokcultivars. 
Duidelike verskille is tussen die metodes waargeneem. Aktiewe kallus-
ontwikkeling oar •n kart periode ( 14 dae) is in die geval van plastiek-
sakke, uitgevoer met klam vloeipapier, waargeneem. 
duidelik as die beste metode uitgestaan. 
Laasgenoemde het 
Duidelike verskille t.o.v. kallusvormingsverm~ is tussen vier bekende 
onderstokcultivars en drie nuwe onderstokkruisings onder laboratorium-
toestande waargeneem. In alle gevalle kon cultivars gerangskik word 
van beste tot swakste kallusvormingsverm~. Die betrokke onderstok-
cultivars- en kruisings is oak aan kallusvormingstudies onder buitelug-
toestande (herfs) onderwerp. Duidelike variasies t.o.v. kallusvormings-
verm~ is aan die lig gebring en groeperings van beste tot swakste saam-
gestel. 
In ondersoekings t. o.v. moontlike kallusstimulante is gevind dat •n sekere 
groeireguleerder-mengsel sterk kallusstimulerend opgetree het by winter-
late van Salt Creek. Inhibering van kallusvorming het voorgekom by 
sekere groeireguleerders, veral by h~r konsentrasies en langer behande-
lingstye. 
Die uittoets van verskeie swam- en bakteriedoders op die kallusvormings-
verm~ van winterlote van 99R. het aan die lig gebring dat kallusvorming 
ernstig benadeel kan word by sekere behandelings. Laasgenoemde invloed 
is hoofsaaklik by h~ konsentrasies en lang indompelingsperiodes (2 uur) 
waargeneem. 
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